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THE AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SOIENCE 
FACT AND THEORY IN SPEOTROSCOPY* 


BEFORE passing to some present problems 
in physics, let us pause a moment to con- 


sider the losses which our science has sus- 


tained since the last annual meeting. 

The life and work of Professor Langley, 
who died on the twenty-seventh of Feb- 
ruary last, will long continue to form an 
important chapter in the history of astro- 
physics. To the study of this science he 
brought rare skill, perseverance and clear- 
ness of purpose. Among his most impor- 
tant contributions is to be mentioned his 
epoch-making determination of the distribu- 
tion of energy through the spectra of vari- 
ous sources, including especially the sun, 
moon and firefly. His measurement of the 
lifting power of an aeroplane driven at a 
definite angle with a definite speed, his ex- 
quisite discussion of the ‘Internal Work of 
the Wind’ with its accompanying explana- 
tion of soaring and his still later achieve- 
ment of actual flight are matters which 
have perhaps only recently received fair ap- 
preciation. The recent performance of the 
Wright brothers in Ohio and the flight of 
Santos Dumont in a ‘manned’ machine are 
but two events in the logical series which 
Professor Langley did much to initiate. 

On the nineteenth of April, 1906, oc- 
curred a great tragedy. Nothing in the 
behavior of that remarkable element which 

1 Vice-presidential address before Section B of 


the American Association for the Advancement of 
Science, New York, December 28, 1906. 
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he helped to discover can be considered 
more unexpected or more inexplicable than 
the death of Professor Pierre Curie. 

The manner in which the clew given by 
uranium rays was taken up and followed 
out with persistent endeavor, clearness of 
vision, simplicity of life and modesty of 
character, has been rarely paralleled in the 
history of physics. 

Our admiration for his scholarship and 
for his generous chivalric nature is united 
with a keen sense of loss to science and a 
warm sympathy for his brilliant and loyal 
comrade. 

On the fifth of July, last, Germany and 
the rest of the world suffered a deplorable 
and inexplicable loss in the death of Pro- 
fessor Paul Drude. Brilliant and numer- 
ous as his achievements were, it is difficult 
to believe that his work was more than half 
done. Perhaps no better illustration of his 
genius can be found than in the beautiful 
manner in which he has quantitatively con- 
nected the subjects of thermal and electric 
conductions, on the basis of the electron 
theory; while his two. splendid volumes 
have rendered all students of physics his 
debtors. 

The death of Boltzmann, two months 
later, was an equally great mystery. The 
most valuable work of this remarkable and 
somewhat bizarre character undoubtedly 
lies in the field of the kinetic theory of gases. 

His treatise on this subject constitutes 
for me—I confess it freely, but sadly— 
a sealed volume. Were I to attempt to 
convey to you any idea of its importance 
I should feel, only in a much truer sense, 
what Boltzmann himself expresses in the 
preface of his wonderfully lucid exposition 
of Maxwell’s electromagnetic theory, when 
he quotes from ‘Faust.’ 


“So soll ich denn mit saurem Schweiss, 
Euch lehren was ich selbst nicht weiss.” 


Boltzmann’s two visits to America, one in 
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1898 and one in 1904, were full of interest 
for many of the members of this section. 
Suffice it to say that some of his colleagues 
have expressed the opinion that since the 
death of Helmholtz, Boltzmann has been 
the leading physicist of Germany. 

I beg now to call your attention to a 
matter which seems to me somewhat inti- 
mately connected with spectroscopic prog- 
ress. And one can perhaps do this most 
simply by first offering a definition of 
spectroscopy; secondly, stating what may 
be considered the fundamental facts of the 
science; and, thirdly, considering to what 
extent these facts—for one hesitates even 
yet to call them ‘principles’—are explained 
by any general theory of the subject. 

Any explanation of light which is gen- 
eral and satisfactory may be said to in- 
clude at least two chapters, namely, one 
which shall explain the transmission of 
radiation and another which shall treat of 
the origin or production of radiation. The 
first chapter treats of the electromagnetic 
ether; the second treats of matter which is 
at once ‘the source and recipient of radia- 
tion.’ 

It was in the autumn of 1888 that the 
experiments of Hertz in a certain sense 
closed the chapter on the transmission of 
light, a large part of which had been writ- 
ten by Maxwell in 1864. Since then, the 
second portion of the theory—that dealing 
with the radiant atom—has assumed larger 
importance. Any treatment of the pro- 
duction of radiation falls more or less nat- 
urally into three parts, namely, (1) the 
radiation of solid and liquid bodies which 
is almost, but not quite, independent of 
atomic structure; (2) the radiation which 
takes its rise in radioactive substances and 
which is apparently dependent upon atomic 
collapse; and (3) the radiation of gaseous 
substances, dependent almost entirely upon 
normal atomic structure, and possibly also 
upon the mode of excitation. 
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The subject to which your consideration 
is invited has to deal only with radiation 
of this third class. Radiation which in 
terms of the electron theory is said to be 
due not to abrupt or discontinuous accelera- 
tion but to periodic acceleration. 


DEFINITION OF SPECTROSCOPY 


The science of spectrum analysis which 
was born, one might almost say, in Bun- 
sen’s laboratory in 1859, developed within 
a period of four or five years into a science 
of a totally different character, a science 
which enabled Kirchhoff at once to study 
the physical structure as well as the chem- 
ical constitution of the sun, a science which 
permitted Huggins as early as 1864 to dis- 
tinguish between star clusters and nebule, 
a science much wider than spectrum an- 
alysis, a branch of learning which we now 
call spectroscopy. _ Briefly defined, it is 
that science which has for its object the 
general description of radiation, including 
the production of radiation, the analysis of 
radiation, the registration of radiation and 
the measurement of radiation. 

The theory of separating, recording and 
comparing radiation is by no means simple 
or complete. That these last three opera- 
tions demand in practise the highest degree 
of skill is exemplified by the work of 
Rayleigh, Rowland, Michelson, Perot and 
Fabry, and Hale. 

There is, however, a certain very true 
sense in which these last three processes 
are merely preparatory to a more profound 
study of the first, namely, the production 
of radiation. From this point of view, 
spectroscopy hinges upon the radiant atom 
—if there be an atom—and may be defined 
imperfectly and narrowly perhaps as the 
science of the radiant atom. 

More than one brilliant and partially 
successful attempt has been made within 
the last quarter century to establish an 
adequate foundation for this science by 
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devising what may be called a satisfactory 
atom. But before considering any of these 
attempts it may be well to state briefly 
what seem to be the criteria by which any 
such foundation is to be judged. 

Perhaps it may be fair to consider that 
atom as most competent which will explain 
satisfactorily the largest number of the 
following nine facts. 


CRITERIA 


1. The fact that spectral lines are in gen- 
eral approximately sharp. 

2. The fact that spectral lines are never 
perfectly sharp; but always have a finite 
physical width. 

3. The fact that certain spectral lines are 
arranged in series and bands after the 
manner described so perfectly by Balmer’s 
equation and its generalized forms. 

4. The fact that increase of pressure 
causes a shift of spectral lines toward the 
red as discovered by Humphreys and 
Mohler. 

5. The fact that a magnetic field will 
transform single lines into multiple polar- 
ized lines as discovered by Zeeman. 

6. We come now to a group of phenom- 
ena which are not easily described under a 
single caption. I refer to phenomena such 
as those observed by Pliicker and Hittorf, 
when they found one and the same gas in 
one and the same tube yielding very differ- 
ent spectra according to the mode in which 
the electric discharge was applied to make 
the gas luminous. In the same category 
doubtless belongs the extinction of air lines 
by the insertion of self-induction into the 
discharge circuit. Here may belong also 
the fact studied by Lenard and others that 
the region near the electrode of an are gives 
a spectrum different from the region near 
the center of the arc; the fact also that the 
so-called ‘spark lines’ are introduced into 
an are by reducing the current to small 
values, a fact first studied by Hartmann. 
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And certainly in this same category be- 
longs the fact that the spectrum of an arc 
is modified when the are is surrounded by 
an atmosphere different from ordinary air. 

Here also lie the profound differences 
between are and spark spectra of the same 
element. 

Notwithstanding the fact that ‘multiple 
spectra’ is a term which has hitherto been 
employed to describe the Pliicker tube vari- 
ations, I propose that we generalize it and 
use it to describe this entire group of facts. 
Since the name is so appropriate, let us 
eall the sixth fundamental phenomenon 
that of ‘multiple spectra.’ 


7. Any competent atom must allow us to 


infer the relations which have been proved 
to exist between spectral phenomena and 
atomic weights. 

8. The phenomena oi line reversals and 
absorption bands. 

9. The fact that heat alone, at least with- 
in the range of our highest artificial tem- 
peratures, produces characteristic spectra 
in only a few rare instances. 

These, briefly, are the parts of the spec- 
troscopic superstructure for which a foun- 
dation is sought. These are the various 
parts which it is hoped will, some day, be 
cemented together, by a simple and general 
theory, into a harmonious structure. 

But there is a final criterion, even more 
fundamental than any of those which have 
been mentioned, that such a theory must 
satisfy, namely, this hypothetical radiant 
atom must not in its behavior, except as a 
very last resort, contradict any of the es- 
tablished principles of physical science, be 
they mechanical, electrical or chemical. 

The principle of the conservation of en- 
ergy must be satisfied even if it is neces- 
sary to assign an undreamed of amount of 
energy to each atom; in like manner New- 
ton’s third law is to be satisfied, even if the 
electromagnetic ether is called upon to fur- 
nish the reaction. 
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But even with this added criterion, the 
preceding list of nine phenomena is con- 
fessedly incomplete; the only object of 
such a catalogue is to include those typical 
fundamental facts which ought, apparent- 
ly, to follow as immediate consequences 
from the structure of the radiating body, 
so soon as that structure is correctly 
guessed. Thus Doppler’s principle is 
omitted on the ground of its being rather 
a kinematic law, governing periodic dis- 
turbances in any medium, than a dynamical 
fact to be explained in terms of atomic 
structure and forces. 


THE SATURNIAN ATOM 

Having established a set of criteria by 
which we may estimate the fitness of a 
radiant atom, it would be interesting, if I 
were competent, and if time permitted, to 
pass in review some of the various atoms 
which have been proposed in recent times; 
such as that of Kelvin, 1884, or those sug- 
gested by the Hertzian oscillator. 

But neither of these two conditions is 
fulfilled, and I propose, therefore, to con- 
sider only one atom, namely, the one whick 
by common consent, I think I may safely 
say, comes more nearly satisfying the de- 
mands of experimental fact than any other 
ever devised. I refer to the atom first pro- 
posed in a general way by Lord Kelvin in 
his paper entitled ‘Epinus Atomized,” and 
afterwards profoundly modified by Lor- 
entz, Thomson and Larmor. 

So much work along this line has been 
done in the Cavendish Laboratory that one 
feels impelled to call this ‘the Cambridge 
atom’; in view, however, of its structure, 
perhaps ‘the Saturnian atom’ is a more ap- 
propriate designation. 

Now as to the proper conception of the 
normal Saturnian atom—I am not certain 
that I know what this is, but my mental 


* Baltimore Lectures, p. 541 (Cambridge, 1904). 
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picture of it is somewhat like the follow- 
ing: 

1. Conceive a single negatively charged 
electron—whatever that may be—placed 
inside a mass of positive electrification— 
whatever that may be. On the basis of the 
Zeeman effect, we may imagine this elec- 
tron to be revolving about the center of 
the positive charge; and we may assume its 
rate of revolution such that it is in equi- 
librium under the first-power-of-the-dis- 
tance law. 

But even if we did not have the Zeeman 
effect to suggest rotation we should be com- 
pelled, as Jeans* has shown, to introduce 
~rotation, on the basis of Earnshaw’s the- 
orem, to secure stability. Any accelera- 
tion of this electron which is periodie will 
produce a periodic radiation of energy. 
Precisely such an acceleration is here pres- 
ent in the familiar rw* centrifugal accelera- 
tion which is periodic when we consider 
radiation along any one fixed direction. 
The frequency of this acceleration deter- 
mines that of the radiation just mentioned. 
The electromagnetic effect is roughly that 
of an alternating displacement current. 

2. Let us next suppose that instead of a 
single corpuscle we have a large number 
distributed throughout the same orbit. 
Their radiation is now almost nil, the vec- 
tor sum of the accelerations being zero and 
the electromagnetic effect being roughly 
that of a steady current. 

If the ring does not contain so many of 
these self-repellent corpuscles as to become 
unstable we have a simple type of a non- 
luminous and, during stability, non-radio- 
active element. 

Imagine now that these electrons are the 
same for all elements; then one element 
differs from another mainly in the number, 
disposition and character of the rings 
which surround the central attracting 


* Jeans, Phil. Mag., 2, 425, 1901. 
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charge, the number of corpuscles being ‘of 
the same order as the atomic weight.” 

Such is a rough sketch of the normal 
Saturnian atom. The beautiful manner in 
which this structure permitted J. J. Thom- 
son to infer the same periodicity in electro- 
chemical properties as that contained in 
Mendelejeff’s table is already familiar to 
you. But for the present inquiry this ex- 
quisite achievement of Thomson’s is merely 
an ‘aside.’ So also is Drude’s elegant con- 
nection of electrical and thermal conduct- 
ivities in metals. Likewise his explanation 
of the Hall effect. 

We come now to the question which is 
fundamental to all spectroscopic theory, 
namely, under what conditions does a gas 
atom become radiant. 

This question may be asked and answered 
in two different senses: 

First, one may inquire as to the labora- 
tory conditions necessary to produce lu- 
minosity in a gas; the corresponding an- 
swer is threefold: either a high tempera- 
ture, thus obtaining, in some rare cases, a 
heat spectrum, or secondly, a rapid chem- 
ical change as in flames, or thirdly, an 
electric field as in the are, spark and vacu- 
um discharge. 

Again, one may ask what is the differ- 
ence between the internal conditions of a 
radiant and non-radiant atom. So far as 
I am aware, this latter query has never 
received an answer which is definite or 
based upon indisputable experimental evi- 
dence. However, the Zeeman effect points 
to rotation in the luminous source and sug- 
gests the revolving electron as the light- 
giving body; but it is difficult to see how 
one electron could give rise to more than 
one line in the spectrum. Not only so, but, 
since the electrons are the same for all ele- 
ments, it is clear that the electrons alone 
ean not emit characteristic spectra, the 


*J. J. Thomson, Phil. Mag., 11, 774, 1906. 
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‘sign-manual of the elements.’ Riecke and 
Stark® have furnished us excellent experi- 
mental reasons, by observing the motion of 
luminous lithium vapor towards the cath- 
ode, for thinking that the radiant source is 
the positive ion; this, it will be noted, is 
not at all inconsistent with the evidence of 
the Zeeman effect, since the positive ion 
earries with it probably a large number of 
negative electrons, being itself merely a 
neutral atom minus one or more negatively 
charged corpuscles. 

Thomson has recently presented three 
different lines of argument for thinking 
that the number of corpuscles in the atom 
is of the same order as its usual atomic 
weight, 7. e., in terms of hydrogen as unity. 
But most elements emit a number of spec- 
tral lines which is enormously greater than 
their respective atomic weights. 

Thomson is, therefore, driven to conclude 
that ‘‘ when an atom of an element is giving 
out its spectrum either in a flame or in an 
electric discharge, it is surrounded by a 
swarm of corpuscles; and combinations 
not permanent, indeed, but lasting suffi- 
ciently long for the emission of a large 
number of vibrations, might be expected 
to be formed. These systems would give 
out characteristic spectrum lines; but these 
lines would be due not to the vibrations of 
the corpuscles inside the atom, but of cor- 
puscles vibrating in the field of force out- 
side the atom.’"* The immediate cause of 
luminosity would be the bombardment of 
this system by free corpuscles, or in the 
ease of flames the disturbing cause would 
presumably be molecular collapse. 

At another time and place Thomson 
fortifies his view as to the complexity of 
the radiating atom, by citing the discovery 
of Lenard, that the speed with which the 
corpuscles are expelled from the atom by 


*Riecke & Stark, Physik. Zeitsch., 5, 537, 1904. 
*Thomson, Phil. Mag., 11, 774, 1906. 
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ultra-violet light does not depend upon the 
intensity of the incident ultra-violet light; 
thus indicating the necessity of at least two 
independent vibrating systems within the 
radiant atom. 

I am not clear as to the proper interpre- 
tation of the measurements which have been 
made by Stark’ upon the Doppler effect in 
hydrogen canal rays; but in any event they 
would seem to prove that the luminous 
source in the vacuum tube is not the simple 
corpuscle of the cathode rays, but the more 
complex, positive ion (not necessarily the 
positive charge) of the canal rays. While 
the experiments of Hull* during the past 
year combined with that of Schuster and 
Hemsalech point to a luminous source of 
such size and complexity that a condition 
of luminosity may be ‘propagated along’ it. 

The upshot of the whole matter, then, 
is that we are landed with a picture of the 
radiant atom which is complex quite be- 
yond description. One is reminded, indeed, 
of the words which Marie Cerelli puts in 
the mouth of Lionel, the youthful hero of 
her ‘Mighty Atom.’ ‘‘Oh, dear Atom!’’ 
says he, ‘‘you must be very much more 
than I have been taught to believe you 
are.”’ 

Let us, however, accept the structure as 
we have received it and, with apologies for 
any feature of it which has not been cor- 
rectly represented to you, let us now ask 
ourselves, how well it can serve as a foun- 
dation for our spectroscopic edifice. 


APPLICATION OF CRITERIA 


We may make this test most easily per- 
haps by asking how this atom will account 
for the nine fundamental phenomena men- 
tioned above, and— 

1, Does this Saturnian system give sharp 
lines? Can one predict from its structure 
that its radiation will be concentrated in a 


*Stark, Ann. d. Physik., 21, 401, 1906. 
* Hull, Proce. Roy. Soc., A, 521, p. 80, 1906. 
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few definite positions in the scale of wave 
lengths? I think it must be admitted 
frankly that, in the picture of the atom as 
given us, there is nothing which determines 
the rate of rotation of the corpuscle in its 
orbit, and nothing, therefore, which gives 
the same periodicity of radiation for all 
atoms of any one element. 

This difficulty has been stated in a very 
forcible manner by Professor Jeans, and 
again by Lord Rayleigh. Each of them 
has proposed a method of getting around 
the difficulty, one® by introducing a law of 
electrical action different from the simple 
law of inverse squares, the other’ by intro- 
ducing mobile negative particles, which do 
not revolve, but which vibrate about their 
positions of equilibrium located in a rigid 
positive charge. 

But the adoption of either of these sug- 
gestions would completely change the en- 
tire character of the atom. It may be that 
we shall later be driven into the corner and 
be compelled to accept some such mode of 
escape. But at present these devices im- 
press one as highly artificial, and too in- 
consistent with other facts to warrant 
adoption. 

The crux of the situation seems to be 
just here, if one assumes that the fre- 
quency of the radiation is identical with 
the rate of revolution of the corpuscles, he 
can not expect sharp lines in the spectrum. 
If, on the other hand, one assumes that 
light is due to the internal vibrations of 
the corpuscles, then not only does he fail to 
predict the Zeeman effect, but he is forced 
to conclude that since the corpuscles appear 
to be the same for all elements, the spectra 
of all elements should be identical. To 
derive the Zeeman effect from a rectilinear 
vibration by substituting for it two circular 
vibrations would seem to employ a purely 
kinematic device instead of offering a 

* Jeans, Phil, Mag., 11, 607, 1906. 

* Rayleigh, Phil. Mag., 11, 118, 1906. 
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physical explanation. Nor is this all: The 
value of e/m obtained from the Zeeman 
effect is, if not correct, at least in beautiful 
accord with values determined in a variety 
of other ways. 7 

Summarizing, one might say that the 
adoption of the Saturnian atom would com- 
pel us either to give up the Zeeman effect, 
or to give up sharp lines in the spectrum. 
On the other hand, I am not aware that it 
has ever been shown that even in a gas- 
spectrum the region between any two lines 
is entirely free from radiation. Is there 
any spectrograph so free from diffused 
light as to make an experimental answer to 
this question anything other than a more 
or less rough approximation? But even if 
every spectrum is, to some slight extent, 
continuous, the fact remains that spectra! 
lines are essentially sharp. 

2. Passing now to the second funda- 
mental fact, which is that spectral lines are 
not perfectly sharp, but (within limits not 
yet resolved by any grating) possess a com- 
plicated structure, Professor Michelson" 
and Lord Rayleigh’? have shown that in 
the case of a gas at low pressure the chief, 
if not the only, cause of widened lines is 
motion in the line of sight, an effect which 
depends as much upon pressure and tem- 
perature as upon atomic structure. But 
when it comes to the asymmetric distribu- 
tion of intensity within these narrow lines, 
7. €., a linear structure such as has been 
revealed to us especially by the interfer- 
ometer in the hands of Michelson, an effect 
which would appear to be a function solely 
of atomic structure, then the chances of 
explanation in terms of the Saturnian 
atom appear even more remote than in the 
case of perfectly sharp lines. 

3. The next query to be presented to the 
Saturnian atom is what explanation can be 
offered for the fact that very many lines in 


4 Astroph. Jour., 2, 251, 1895. 
” Phil. Mag., April, 1889. 
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the spectra of the elements are arranged 
in series such that the wave lengths of any 
one series are functions of only two con- 
stants and the successive whole numbers? 

So far as I am aware, no answer which 
is even approximately satisfactory has ever 
been offered in reply to this question. The 
fundamental difficulty here has been shown 
by Lord Rayleigh to lie in our measure of 
force, so to speak; in the fact that force is 
a second derivative of displacement with 
respect to time. Describe any dynamical 
system you please in terms of a differential 
equation; integrate it under conditions 
which yield a periodic solution; solve for 
the frequency, and you will find its value 
always entering to the second power. 

But the difficulty under which the Cam- 
bridge atom here suffers is not peculiar to 
it alone. 

Ritz,"* in a doctor’s dissertation of ex- 
traordinary merit, offered at Géttingen, 
has succeeded in devising a formula which 
contains fewer constants than that of 
Kayser and Runge, yet represents the ob- 
served wave lengths with a distinctly high- 
er accuracy. And it might, at first glance, 
appear that we have here a truly dynamical 
explanation of the series phenomenon. But 
on closer inspection one finds that the fun- 
damental picture—the mechanism, if you 
please—from which Ritz derives his differ- 
ential equation is one having properties 
which are purely hypothetical and, in na- 
ture as we know it on a larger scale, quite 
impossible. 

His vibrating body is a square (some- 
times a plate, sometimes a membrane), 
whose behavior he studies under different 
boundary conditions. But it has this re- 
markable property that the effect of any 
one element of the membrane upon any 
other element is not merely a function of 
the distance separating the elements, but 


* Ritz, Ann. der Physik., 12, 264-310, 1903. 
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varies directly as this distance. A device 
so artificial could at most be called quasi- 
kinematical or purely mathematical. How- 
ever, in each of the particular cases which 
he has integrated the frequency expression 
turns out to be practically identical with 
Rydberg’s formula. The only dynamical 
justification for the entire proceeding ap- 
pears to lie in the fact that he has chosen a 
two-dimensional body to yield a double in- 
finite number of spectral lines. 

Garbasso** has made an interesting at- 
tempt to obtain the Kayser and Runge 
series from certain combinations of Hertz- 
ian oscillators. And his solutions have 
this special merit, namely, they all refer to 
physically realizable models. But the 
number of frequencies which he has com- 
puted is too small to furnish even an ap- 
proximate test as to whether they satisfy 
the law of Kayser and Runge, much less 
do they point out a general dynamical sys- 
tem from which the law of the series may 
be derived. 

In spite of the fact that no satisfactory 
explanation has been obtained, one can 
hardly avoid the conclusion that Rydberg’s 
formula is something more than a con- 
venient expression for interpolation. The 
fact that his second constant, N,, is the 
same for all elements, while another has a 
characteristic value for each particular 
element, and that a third constant locates 
the particular series in any one element, 
would seem to indicate that these three 
quantities are in some sense parameters of 
matter. Yet I am aware that this view is 
a mere suspicion and is not at present 
capable of proof. 

When other types of spectra, such as 
that of iron, are brought under the ‘reign 
of law’ we may find a simpler view; or 
what is more likely, we may feel, with 

“Garbasso, ‘Theoretische Spectroskopie,’ pp. 
130 and 180, 1906. 
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Professor Runge, that ‘nature is getting 
more and more disorderly every day.’ 

4. Passing now to the pressure shift, we 
owe to Dr. Humphreys, one of the discov- 
erers of the phenomenon, a clear explana- 
tion in terms of the Saturnian atom. 

He points out first of all that an atom 
built on the model indicated, with quanti- 
tative specifications such as these given, by 
experiment, will exert an enormously pow- 
erful field at points near its center. And 
since the convection currents here existing 
are practically equivalent to Amperian cur- 
rents in circuits devoid of resistance, it is 
clear that any currents induced in these 
atoms by attempting to thrust through 
them more or fewer lines of force than they 
now contain will be permanent and, there- 
fore, unlike the induced currents in the 
wire circuits of our laboratories. 

But an increase of current in such an 
atom means an increase of speed in the 
corpuscles, and this in turn means pre- 
sumably an increase of frequency. From 
this it follows that, if by any means two 
atoms are brought closer together there 
will in general be a change of frequency, 
and one may expect this change to be some- 
times an increase and sometimes a decrease ; 
that is to say, two atoms which are made 
to approach by pressure, and which we may 
imagine as strung on a common axis, will 
sometimes be rotating in the same sense 
and sometimes in the opposite sense. The 
increase and decrease of frequency thus se- 
cured by pressure will have the effect of 
widening the line. The plausibility of this 
argument is mueh enhanced by the enor- 
mous strength of the magnetic field in the 
neighborhood of one of the magnetic atoms; 
in the case of the iron atom amounting to 
as much as 150,000 C.G.S. units at a dis- 
tance of ten radii from the center and, of 
course, a thousand times greater than this 
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at the center. So much for the widening 
due to pressure. 

But Dr. Humphreys has also very clever- 
ly suggested that this widening will not be 
symmetrical about the original position of 
the line, but about a new position on the 
red side of the old. For when two atoms 
happen to be rotating in the same direction 
they will attract each other and then get 
‘into the stronger portion of each other’s 
magnetic field.”° In other words, those 
effects which result in lengthening the 
waves will be much more marked than 
those which shorten the waves. Hence in- 
crease of pressure will be accompanied by 
shift towards the red. It would be exceed- 
ingly interesting to know what difference 
of structure exists between the radiant 
sources of lines and of bands which causes 
this explanation to break down when ap- 
plied to the latter. 

5. Passing now to the effect of a mag- 
netic field, an experimental fact which 
largely established, although it did not sug- 
gest, Lorentz’s conception of the electron 
vibrating about an attracting center, it is 
at once evident that the Zeeman phenom- 
enon must follow as a deduction from the 
Saturnian atom. 

But Preston and Runge and Paschen 
have shown that the normal triplet is by 
no means an ordinary occurrence; on the 
other hand the breaking up is very much 
more complicated, a single line yielding 
anywhere from 3 to 14 components.*® 

Beautiful as the general agreement be- 
ween fact and theory here is, one finds it 
peculiarly difficult to understand how the 
central line of the normal triplet—the one 
due to the component of motion along the 
lines of foree—can be split up at all by 
the magnetic field. But since, as a matter 
of fact, this component is split up, it is 


* Humphreys, Astrop. Jour., 28, 243, 1906. 
* Runge & Paschen, Abh. Ber. Akad., February 
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only fair warning that the forces here in- 
volved are possibly not to be limited to 
those of purely electrical origin; but it is 
not obvious what experiment can be devised 
to answer these questions. 

6. Passing next to that somewhat motley 
group of phenomena which we have classed 
under the head of Multiple Spectra, I am 
not certain that there is a single fact in 
the entire group that can be predicted 
from the structure of the atom which has 
been assumed. 

In his Royal Institution lecture’ of this 
year, J. J. Thomson has suggested an atom 
with certain capacities for receiving and 
spending energy, and has described this 
atom by simple differential equations, in- 
volving certain atomic constants; but the 
connection between these constants and the 
Saturnian atom are by no means clear. 

So that while he accomplishes the ex- 
planation of the phenomena for which this 
new atom is introduced, the explanation 
can hardly be said to hinge upon the atomic 
structure, which has so highly reeommend- 
ed itself in other directions. 

At present, we seem to be justified in 
going little farther than to say that rapid- 
ity of change of electric field seems to be a 
(not the) determining factor in nearly 
every case. The main difference between 
the are and the spark appears to be con- 
fined to the earlier stages of the spark. 
The oscillograph shows that spark lines are 
introduced into the metallic are when the 
break is quickened; the interruption of an 
intermittent are is very much hastened by 
a hydrogen atmosphere; and one might 
think that, therefore, the action of hydro- 
gen in introducing the spark lines is com- 
pletely accounted for, and perhaps justly 
so, if it had not been discovered by Hale, 
Adams and Gale’ that an are fed by a 


** Thomson, Chemical News, 94, 197, 1906. 
* Hale, Adams and Gale, Astroph. Jour., 24, 
213, 1906. 
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small steady current and surrounded by 
hydrogen also yields spark lines. But this 
calls for an examination of the steady ( ?) 
current by means of the oscillograph. 

The effect of a very minute current in 
introducing spark lines probably also rests 
upon the greater rapidity with which the 
small current is interrupted. The effect 
of self-induction is to retard the break, and 
hence obviously to obliterate spark lines. 
The effect of a parallel capacity is, of 
course, to increase the speed of break. The 
spark lines obtained in are under water are 
apparently special cases of the effect of a 
hydrogen atmosphere and a consequent 
rapidity of break. 

A most valuable research at the present 
time would be one which would determine 
whether for a ‘quickness of break’ as a 
unifying principle we should substitute 
‘rate at which energy is delivered’ or, as 
Thomson suggests, ‘rate at which energy is 
delivered combined with rate at which en- 
ergy is spent.’ 

Until more definite information upon 
this point is obtained, it remains almost 
impossible to say how the Saturnian atom 
must be modified in order to explain mul- 
tiple spectra. 

7. As to the relation between spectral 
phenomena and atomic masses, we must, I 
think, all feel the most hearty admiration 
for the manner in which Professor J. J. 
Thomson has sueceeded in picturing the 
periodic law as an almost immediate con- 
sequence of the atomic structure which he 
has proposed. The way in which the nor- 
mal atom, by the addition of a few sub- 
atoms, becomes electro-positive or electro- 
negative is especially attractive. The 
achievements of Runge and Precht’® in 
closely approximating if not accurately 
determining the atomic mass of radium is 


” Runge & Precht, Physikal. Zeitschrift, 4, 285—- 
287, 1903. 


January 4, 1907] 


equally striking. Rydberg*® has pointed 
out that certain spectroscopic properties of 
the elements recur with exactly the same 
periodicity as that discovered by Mendele- 
jeff. 

But it is important to observe that in 
none of these laws is the question of atomic 
structure involved, but only that of atomic 
mass. Not asingle one of these phenomena 
has been predicted from previous notions 
concerning the atom, and indeed all our 
views concerning the Saturnian atom, with 
the single exception of the Zeeman phe- 
nomena, appear to be singularly devoid of 
that spirit of prophecy which characterizes 
all sound theory. 

8. When confronted with the fact that 
many spectral lines show self-reversal, the 
atom which is now on the witness stand 
replies that its explanation of this phe- 
nomenon is identical with that of any other 
atom which consists of a vibrating mech- 
anism. 

The essential feature of a line-reversal 
appears to consist of a source within the 
are or spark which emits, from whatsoever 
cause, a relatively wide line—thus approxi- 
mating in small degree the incandescent 
solid first used by Kirchhoff. The outside 
region of the are or spark emits, from 
whatsoever cause, a relatively narrow line, 
and its radiant atoms are, therefore, capable 
of absorbing only certain periods from 
those which appear in the broad or inner 
source. 

Accordingly, the phenomenon of reversal 
is, in a certain very true sense, not an 
atomic problem. The fundamental. ques- 
tion here involved is, however, the follow- 
ing, namely, how does it happen that, in 
the inner source, some atoms have their 
frequencies slightly increased while others 
have theirs slightly diminished? And this 
is an atomic problem. 

* Rydberg, ‘Rapports Congrés de Physique’ 
(Paris), II., 217. 
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We may say that it is due to ‘increased 
density’ of the luminous vapor, but we are 
little wiser for that. In this emergency, 
the Cambridge atom with its entourage of 
stray corpuscles shows itself very capable; 
for it is exactly in such a region, as the 
interior of an are, where the electric field 
is strong, and where collisions are frequent, 
that one might expect this ‘swarm of cor- 
puscles’ to be varying largely—thus alter- 
ing slightly the period of the radiant 
source, whatever that may be, both by 
change of inertia, and by change of electric 
field—acting, so to speak, both upon the 
numerator and denominator of the expres- 
sion for the period. The case of double 
reversals has been reduced to that of single 
reversals by the clever experiments of Dr. 
Humphreys.** 

The case of Wolf-Rayet stars?* where H* 
and H® are bright while the remaining 
hydrogen lines are dark is, so far as I am 
aware, an unsolved puzzle. 

9. Regarding the last of the nine criteria 
which have been cited, namely, the well- 
nigh impossible feat of securing a line- 
spectrum from a gas by means of heat 
alone, the situation seems to be as follows. 

If one assumes that ordinary tempera- 
tures are due to the translational energy of 
the atom, while light consists in dissipation 
of vibrational energy in the atom, then 
Jeans* has proved, on dynamical grounds, 
that it is possible only in a minute degree 
to transfer energy ‘from the principal de- 
grees of freedom to the vibratory degrees 
of freedom’—at least with any tempera- 
tures which are encountered on this planet. 
In the case of ordinary collisions, the trans- 
fer is infinitesimal on account of the high 
frequency of the vibrations as compared 
with the duration of the collision; in the 
ease of those rare collisions in which the — 

* Humphreys, Astroph. Jour., 18, 204, 1903. 

2 Campbell, ibid., 2, 177, 1895. 

* Jeans, ‘Dynamical Theory of Gases,’ Ch. IX. 
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duration of collision is comparable with 
the period of vibration, the transfer of en- 
ergy is ‘infinitesimal on account of the ex- 
treme rarity of these collisions.’ 

This point of view has, I think, been sup- 
ported by the experience of every one who 
has attempted to obtain characteristic spec- 
tra from gases under conditions in which 
electrical and chemical processes were ex- 
cluded. 

The assumptions back of Jeans’s discus- 
sion are to be justified, if at all, by experi- 
ment. Hence the importance of such work 
as that which King,** Hale® and others 
have recently been doing by means of the 
electric oven, and of the fundamental ex- 
periments of Wood upon optical resonance. 

As to the bearing of the Saturnian atom 
upon this fact, one finds it in about the 
same position as any other elastic atom, 
except that for ordinary mechanical rigid- 
ity one has to substitute the quasi-rigidity 
which comes from rotation of the electrons 
about the positively charged center. 

The effort to render a gas radiant by 
means of high temperature alone has been 
aptly characterized by J. J. Thomson as an 
effort to boil a tea-kettle by burning down 
the kitchen; the spectroscopic analogue of 
Lamb’s roast pig. 

In view of all the evidence, the conclu- 
sion would appear to be that spectroscopists 
have greatly exaggerated the réle of tem- 
perature in terrestrial sources. That the 
behavior of an are or spark is determined 
largely by the temperature of its electrodes 
there can be no doubt; but it seems almost 
equally certain that the effect of changing 
temperature upon the character of the 
spectra is produced through the intermedi- 
ation of changed electrical conditions in the 
source. 

CONCLUSION 

In turning the pages of Kayser’s great 

* King, Astroph. Jour., 21, 236, 1905. 

* Hale, Adams and Gale, ibid., 24, 213, 1906. 
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compendium, which so adequately repre- 
sents the present phase of spectroscopy, 
there is but one tinge of disappointment; 
and this is that, in the presence of such a 
wealth of facts, there is so little in the way 
of fundamental well-established unifying 
principles. And yet the only remedy ap- 
pears to be one of the homeopathie sort, 
namely, more facts. 

There is, however, this comfort: things 
are not as bad as they used to be. Our 
condition is somewhat that of the old judge 
who never liked to admit that he was not 
in perfect health. On one occasion, when 
he was just recovering from an illness, a 
friend met him on the street and asked him 
how he was feeling. ‘‘Well!’’ said the 
judge in reply, ‘‘I am not quite myself, but 
I am a great deal better than I was at the 
time when I was not so well as I am now.’’ 
This, too, is to be remembered, that we 
ean never hope for any solution which can 
in any sense be ealled final—all solutions 
are merely passing phases—the problem is 
not one either of mathematics or of history. 

Let us then continue our search for the 
facts of the case confident in the belief that 
when this work has been properly accom- 
plished, the unifying principle will be at 
hand. It should be to us a matter of no 
small pride that it is to our fellow members 
in this section that spectroseopy owes the 
bolometer, the curved-grating, the echelon, 
the spectroheliograph, and, therefore, in 
large measure the beautiful results ob- 
tained with these instruments. 

In the meantime we must, I believe, all 
gladly admit two things: first, that the 
atom which we associate so closely with the 
Cavendish Laboratory more nearly sup- 
plies the desired principle than anything 
else which has been offered, and secondly, 
that the emission of a line spectrum is a 
very imperfectly comprehended phenom- 
enon. HENRY CREW 
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SOME PROBLEMS CONNECTED WITH DEEP 
MINING IN THE LAKE SUPERIOR 
COPPER DISTRICT 

THE copper mines of the Lake Superior 
district are essentially low grade. Their 
profitable operation is made possible by the 
great extent of the lodes, their comparative 
uniformity of character and the investment 
of great sums of money to maintain opera- 
tions on a vast scale over a long period of 
years. 

With but one important exception, the 
lodes are the vesicular tops of ancient lava 
flows which subsequent to solidification 
have had the cavities wholly or partly filled 
by the deposition of various minerals, 
among which is native copper. They dip 
at angles varying from 38° to 70°. 

The modern shafts through which the 
rock is hoisted are either inclined, follow- 
ing the plane of the lode, or are vertical. 
The inclined shafts are of dimensions such 
as to provide for two railroads of approxi- 
mately standard gauge on which run the 
‘skips’ which are operated in balance. In 
addition there is room for the ladder way 
and air pipes, usually placed at one side. 
The vertical shafts have compartments pro- 
viding usually for ‘cages’ and pipe and 
ladder way. Several of the inclined shafts 
are over 5,000 feet long. One has a length 
of 8,100 feet. Of the vertical shafts the 
three deepest are, respectively, about 5,200, 
5,000 and 4,900 feet deep. 

Long before such depths were actually 
reached there arose the question as to a 
possible limit set by the ultimate crushing 
strength of the rock which is penetrated. 
Manifestly, mining can not go to a depth 
such that the weight on walls of drifts and 
stopes will exceed the ultimate strength of 
the material of which they are composed. 
There is a widespread impression that the 
lake mines are approaching such a limit. 
There are current statements to the effect 
that pieces of rock occasionally snap off 
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the rock faces because of the great strain, 
and are violently projected as if propelled 
by an explosive. 

In this connection a few figures will be 
of interest. The average density of the 
rock of the copper-bearing series is not far 
from 2.87, that is, a cubic foot weighs about 
179.3 pounds. Therefore, a horizontal 
square foot of area at 5,000 feet from the 
surface has above it a column of rock 
weighing 448 tons. The ultimate crushing 
strength of the average rock is not well 
known, but since it is mostly trap this may 
be safely assumed as at least 1,200 tons per 
square foot. If, therefore, the square foot 
above defined carries the entire column 
above it, it is loaded to much less than half 
the crushing strength and only at nearly 
three times the assumed depth will the load 
reach its crushing limit. At a dip of 38°, 
the pressure normal to the plane of the 
lode at 5,000 feet from surface is only 354 
tons per square foot. It is in this direction 
that the crushing forces are mostly called 
into play. As the dip increases this nor- 
mal pressure of course diminishes. At 52° 
it is 278 tons, and at 70° it is 152 tons per 
square foot. 

However, the matter does not end here. 
The removal of large portions of the copper 
zone leaves considerable areas of the roof 
or hanging wall to be supported by the 
pillars which are left for the purpose, or 
by the walls of the opening, or by both. 
The weight on pillars and walls is thus in- 
creased and may easily approach the crush- 
ing limit. Take, for example, a long pillar 
50 feet wide having on either side an open 
space of 150 feet. Suppose it in a lode 
dipping 38°. Allowing for neither rigidity 
nor arching, and supposing the weight on 
the pillar evenly distributed, at 5,000 feet 
deep it would be subjected to a pressure of 
1,239 tons per square foot, a pressure under 
which it would fail. 
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As a matter of fact, in such a case the 
rigidity of the rock mass distributes a large 
part of the load out over the rock beyond 
the walls of the opening. That this rigid- 
ity may be considerable is illustrated in 
several cases where areas of hanging as 
wide as 200 feet or more have no support 
between walls, and yet have stood up for 
several years. ‘They are not, however, at 
maximum depth. 

In such an area a pillar when first cut 
out may have to carry but little more than 
its previous load. As the hanging wall 
slowly bends the pillar must take up more 
and more of the extra weight. This is not 
applied uniformly. As the rock between 
pillars and walls bends downward the tend- 
ency is to concentrate the load at the edge 
or face of the pillar, or wall, much as a 
beam does when supported in like manner. 
The outer parts of the pillar may thus be- 
come overloaded and here it will fail. 

It does so by the splitting off of pieces of 
rock much as may sometimes be observed 
with a specimen in the testing machine, 
though on a much greater scale. These 
pieces break from the base as well as the 
top, and, as a rule, like any hard rock 
under a crushing load, the pillar fails sud- 
denly. Small pieces of rock may fly to a 
considerable distance, and such occurrences 
have undoubtedly given rise to the above- 
mentioned exaggerated impression of the 
compressive stress to which the rock is sub- 
jected in the lowest levels. 

The hanging rock mass moves, of course, 
when the pillar crushes, and the vibration 
due to the sudden though slight displace- 
ment is often conveyed to the surface. The 
result is a miniature but perfectly genuine 
earthquake which may be felt over a dis- 
tance several times that of the pillar from 
the surface. With the crushing of the 
pillar and the movement of the hanging 
a readjustment of the weight takes place, 
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and the process begins over again. Instead 
of the process being repeated exactly it is 
possible for the hanging to break in such a 
manner that the arching effect may protect 
this pillar, and place the load on others. 
Eventually, at great depths the hanging 
and foot must come together, and in one 
mine the final steps in the process came so 
rapidly as to completely wreck it. 

The pressure normal to the plane of the 
lode is not the only action which may ap- 
pear. The pillars are not, as a rule, sepa- 
rate from either foot or hanging. They 
are parts of the same rock mass, and it is 
not possible for the hanging to slide over 
the pillar. In consequence the readjust- 
ments which take place when a pillar fails 
as above described sometimes put an enor- 
mous longitudinal thrust on the foot, and 
in places its surface portion has buckled up 
under such stress. Also, at points where 
shaft pillars have been weak, shafts have 
been pinched and twisted under the same 
conditions so as to interfere with their 
operation. 

Experience seems to have shown that at 
the great depths recently reached it is use- 
less to expect to hold up the hanging rock 
mass for a long time by any scheme of 
pillars unless far too much of the lode is 
left in place, and that the only feasible 
method is to cut away the entire lode and 
permit the hanging to cave as rapidly as it 
will to the point where the broken rock fills 
again the whole space, and redistributes 
the weight over the footwall. Following 
this plan, cutting out the lode, or ‘stop- 
ing,’ begins at the point furthest from the 
shaft, and progresses toward it. With a 
wide shaft pillar, or with the shaft in the 
footwall, and with some such general meth- 
od which avoids concentration of pressure 
where it can do harm, there seems no rea- 
son to anticipate serious difficulties due to 
crushing for a further depth at least as 
great as that already attained. 


. 


JANUARY 4, 1907] 


The difficulties of surveying the mine are 
not markedly increased by depth, except in 
the case of vertical shafts. When these 
are deep, and it becomes necessary to carry 
down an azimuth from the surface by 
means of two plumb lines hung in the shaft, 
there is presented a problem of considerable 
difficulty. It is almost impossible to free 
the lines entirely from disturbing influences 
which displace them from their normal 
positions. If either lines or plumb bobs 
are of magnetic material the presence of 
iron pipes in the shaft may result in seri- 
ously disturbing them. Falling water may 
be in such quantity and so directed as also 
to affect the position of the lines. 

However, the air currents, which can not 
be wholly eliminated, whatever the precau- 
tions taken, are the most serious cause of 
disturbance. The temperature at the bot- 
tom of the shaft is higher than that at the 
top, and in consequence convection currents 
are formed. The heat supplied from the 
surrounding rock keeps them up. Indeed, 
with moderately steady temperature at the 
surface, and with the shaft idle, a remark- 
ably stable condition of these air currents 
may come about. Elsewhere observations 
have been published by the writer,’ show- 
ing that their effect on a plumb line may 
remain sensibly constant for hours at a 
time while deflecting the line from its ver- 
tical position. The stability of the currents 
is made possible by the large cross section 
of the vertical shafts, 10 feet by 22 feet to 
10 feet by 30 feet outside of timbers, thus 
giving a large air body, and the constancy 
of the rock temperatures, and the supply 
of heat through the shaft walls. When we 
take account of the fact that a force equiva- 
lent to a horizontal pressure of 10 grains 
on a 60-pound plumb-bob suspended by a 
line 4,000 feet long will displace the bob 
one tenth of a foot from its normal posi- 

*See Engineering and Mining Journal, April 26, 
1902, also Electrical World, April 26, 1902. 
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tion, it is easy to see how apparently slight 
causes may produce appreciable error in 
azimuth. 

General attention was first attracted to 
this problem by the very noticeable di- 
vergence of two long plumb lines hung in 
shaft number five of the Tamarack mine. 
Of course, divergence alone would not af- 
fect azimuth, but the question confronting 
the surveyor is whether the divergence may 
not be due to some cause which may also 
displace one or both of the lines in a direc- 
tion perpendicular to their plane. In the 
ease mentioned it required a great deal of 
investigation and experiment to fasten the 
responsibility on the currents of air. 

It is remarkable how many persons are 
ready to accept as an explanation of such 
divergence the statement that there is an 
excess of gravitation on each bob horizon- 
tally toward the end wall nearest to which 
it hangs. All are familiar with the picture 
in the text-books of the plumb line hang- 
ing near the face of a precipice being de- 
flected from the vertical by the attraction 
of the mountain mass. The idea so stri- 
kingly conveyed by this picture while quali- 
tatively correct seems in most minds to be 
quantitatively wrong. There is an excess 
of attraction on the bobs as stated, but its 
amount is far too insignificant to account 
for any observed divergence. At Tamarack 
number five it could account for no more 
than one one-thousandth of a foot. The 
convergence of vertical lines in that in- 
stance is over three times this amount. 

The fact remains that the surveyor who 
must thus transfer an azimuth from the 
surface down a very deep shaft has a prob- 
lem the proper handling of which must in- 
volve a careful study of the local condi- 
tions, particularly in regard to air circula- 
tion. 

Increased depth tends to lessen the out- 
put of a given shaft, and in the effort to 
prevent this, and also to reduce hoisting 
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charges, loads have grown larger, likewise 
the speed at which they are hoisted. Loads 
of nearly seven tons are being raised on 
some of the inclines at speeds up to 40 
miles per hour. 

A considerable item in the hoisting 
charges is the cost of maintenance of the 
skip road, the expense per ton for this pur- 
pose increasing with the length of the shaft. 
The usual skip road is carried on heavy 
timbers which are placed transversely along 
the foot, and support large stringers to 
which the rails are spiked. The expense 
of maintenance of this road for great 
depths is such that some of the mines are 
substituting for it a road consisting of a 
rail attached to a concrete stringer which 
is borne directly on the rock of the foot- 
wall. 

The stringer proper is about 13} inches 
wide by 14 inches high. Beneath it and 
supporting it is a mass of concrete 16 
inches to 18 inches wide extending to the 
rock. The depth of this supporting mass 
varies considerably, depending on the ir- 
regularities of the rock face to which it is 
attached. It ranges all the way from 4 
inches to 24 feet, and there is no reason 
why these limits might not occasionally be 
exceeded. The stringer and supporting 
mass are structurally one piece, being 
molded together. The stringer portion is 
reinforced by means of a 14-inch steel cable 
passing longitudinally through its interior. 
The rail is attached by bolts which are 
spaced three feet apart, and hold it by 
means of clips which grasp the rail flange. 
The bolts pass through the stringer into a 
rectangular opening about three by four 
inches in section, which passes quite 
through the concrete, and affords access to 
the lower end of the bolt. 

In building the road a form of plank is 
constructed having the cross section of the 
stringer, and a length of 15 feet. To its 
lower side are nailed the cores for the bolt 
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openings just mentioned. The top is left 
open. From one to three of these forms 
are supported in place underground by 
suitable means, and to the sides are nailed 
boards extending downward to the rock. 
These make the form for the supporting 
part underneath the stringer proper. When 
all is firmly secured the rock face is thor- 
ougly washed, and the concrete is filled in, 
beginning at the lower end. The mixture 
used is one part Portland cement, three of 
sand and five of crushed rock, and it is 
tightly rammed in place. As the filling 
proceeds the top of the form, or the cover, 
is completed by nailing on short pieces of 
plank. In the roads which have been built 
at a slope of 70° the structure is anchored 
to the footwall by heavy bolts spaced 8 
feet apart. When the concrete has hard- 
ened sufficiently the form is removed and 
the rail is bolted in place. The road is 
then complete. 

The first of these roads has been opera- 
ting some three years, and has proved so 
satisfactory that the others have followed. 
Expectation regarding cost of maintenance 
has been fully realized, and, in addition, it 
has been found that the original cost of the 
road is less than that of wooden construc- 
tion. Its disadvantages seem to be con- 
fined to the fact that, due to the unyielding 
nature of the support, the effect of a blow 
must be absorbed between wheels and rail, 
resulting in a perceptibly greater deteriora- 
tion of both. However, this is far more 
than compensated by the decreased cost in 
other directions and the fireproof character 
of the road. 

In the effort to counteract the increased 
costs due to great depth the economical 
generation, distribution and use of power 
have naturally received large attention. 
The long period of operation necessary 
makes it worth while to expend large 
amounts of money in installing machinery 
of large capacity and high economy. The 
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extreme in the direction of high-duty en- 
gines is represented at present in the Nord- 
berg quadruple expansion, two-stage air 
compressor operating at the Champion 
mine. The engine is equipped with Nord- 
berg’s regenerative feed water heating sys- 
tem. It holds the world’s record for mini- 
mum consumption of heat per foot-pound 
of work delivered, having shown a duty of 
195,000,000 foot-pounds, being about 9 per 
cent. in advance of its nearest competitor.’ 

But one mine is so situated to be able to 
make use of water power. The Victoria, 
located near the Ontonagon River, has a 
considerable water power available which 
has been utilized in a novel manner. Dis- 
tance from source to points of application 
is not great and the power for both mine 
and mill is distrivuted by compressed air. 
Moreover, the falling water operates di- 
rectly on the air without the intervention 
of water-wheel or other machine. 

Roughly speaking, this ‘hydraulic air 
compressor’ consists of a large under- 
ground chamber cut from the solid rock 
and having a length of 281.5 feet, a width 
of 18 feet and a depth of 26 feet. In nor- 
mal operation the lower portion of the 
chamber is filled with water to a level of 
14.5 feet from its roof. The remainder, 
having a capacity of over 80,000 cubic feet, 
is filled with air at 114 pounds gauge. 
The water outlet is through a tunnel 18 
feet wide and 10 feet high, the bottom of 
the tunnel being a continuation of the hori- 
zontal floor of the chamber. This tunnel 
opens into an inclined shaft about 18 by 
20 feet in cross-section, the discharge level 
of which is 271 feet above the water level 
in the chamber. The outlet for air is a 
24-inch pipe leaving the chamber through 
the roof directly above the tunnel outlet. 

*See description and report of test in paper on 
‘A High Duty Air Compressor,’ by Professor 0. 
P. Hood, Transactions American Society of Me- 
chanical Engineers, 1906. 
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The inlet for both water and air is 
through three vertical shafts, each 5 feet in 
interior diameter, opening through the roof 
of the chamber at the end opposite to the 
outlets. Each shaft is tightly lined with 
conerete, and is continued down into the 
chamber by means of a somewhat flaring 
steel casing to a distance of about 15 inches 
below the water level. Just beneath, and 
reaching somewhat into the opening of the 
casing, is a conical boss of concrete. From 
water level in chamber through the air- 
and water-tight shaft to the water level at 
the intake above is 343 feet. This is 72 
feet greater than the distance between the 
water levels at the outlet end, and this dif- 
ference expresses the available head of 
water. 

At the intake water is admitted through 
an annular funnel over a hollow ring from 
the flat inner periphery of which project 
1,800 three eighth-inch tubes into the an- 
nular opening of the funnel. The water 
must flow over the mouths of these tubes, 
and in doing so it produces the aspirating 
effect which entrains the air in small bub- 
bles. The air comes mainly through the 
tubes from the hollow ring which has suit- 
able intake pipes extending above the 
water level. The mixed water and air fall 
through the vertical shaft, and are dis- 
charged radially from the annular outlet 
formed by the concrete boss and steel casing 
below. The current through the chamber 
is slow, and the air disengages itself, col- 
lecting in the top of the chamber, and dis- 
placing the water. By its pressure on the 
water surface in the chamber it maintains 
the 271 feet of difference in level between 
that surface and the one at the discharge 
of the outlet shaft. 

While running at less than full capacity 
the water level in the chamber is prevented 
from being depressed further than 14.5 
feet from the roof by means of a blowoff 
pipe, 12 inches in diameter, which opens 
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somewhat below the normal water level. 
When the water has been pushed down suf- 
ficiently air enters this pipe, and its escape 
relieves the excess of pressure. When the 
blowoff is in operation the appearance at 
its mouth greatly resembles the eruption of 
a powerful geyser. The stream of spray, 
due to the entrance of water with the air 
from the chamber, is thrown sometimes to 
a height of 400 feet. 

The capacity when all intake shafts are 
operating is about 5,000 horse power. So 
far but one intake is used. This under test 
at near its maximum capacity showed an 
efficiency of better than 82 per cent. while 
delivering 11,930 eubie feet of air per 
minute at 128 pounds absolute pressure. 

All machinery at the stamp mill and at 
the mine, whether on the surface or under- 
ground, is operated by compressed air. 
Beside utilizing cheap power the com- 
pressor has obvious advantages over the 
usual machine in the absence of parts to 
get out of order and in low cost of attend- 
ance.* 

The foregoing examples are presented to 
Section D as illustrating the type of prob- 
lems which are arising in connection with 
the extensive operations at great depths on 
the low-grade lodes of the Lake Superior 


copper district. 
F. W. McNar 


MICHIGAN COLLEGE OF MINES, 
December, 1906 


WHY HAS THE DOCTRINE OF LAISSEZ 
FAIRE BEEN ABANDONED? 


Preruaps the most remarkable change 
which economic opinion has undergone 

*See description by A. L. Carnahan in the 
Mining World of August 25, 1906, and by C. 
H. Taylor in Mining and Scientific Press, August 
18, 1906. 

* Address of the vice-president before Section I. 
—Social and Economie Science—at the New York 
meeting of the American Association for the Ad- 
vancement of Science. 
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during the last fifty years has been the 
change from the extreme laissez faire doc- 
trines of the classical economists to the 
modern doctrines of governmental regula- 
tion and social control. And yet there has 
been very little attempt to explain why 
laissez faire has been so generally aban- 
doned. Its abandonment has been gradual 
and almost unconscious, not so much the 
result of any rival abstract doctrine, as the 
cumulative effect of experience, which in 
hundreds of individual eases has brought 
men face to face with the practical limita- 
tions of the let-alone policy. The move- 
ment is fast bringing us back to the old 
view by virtue of which economies was first 
named political economy. 

The revival of governmental activity in 
economic affairs is due to causes which 
are partly political and partly economic. 
This paper has to do chiefly with the eco- 
nomic causes and we shall, therefore, 
merely note in passing the chief political 
aspects of the problem. One reason for 
the extension of governmental control of 
industry is the growing strength of gov- 
ernmental control in general and of pop- 
ular confidence in it. Laissez faire was a 
natural doctrine in a time when govern- 
ments were weak and inefficient. Change 
of power has brought change of the theory 
of power. Compulsory workmen’s insur- 
ance we find in the strongly developed 
German Empire; railway rate regulation 
follows increased power and centralization 
of government. It may even be said that 
much of the modern government regula- 
tion of industry resulted from the attempt 
of governments to extend its powers in 
self-defense. It has been felt, for instance, 
that if the government did not control the 
railroads, the railroads would control the 
government. Government regulation here 
has taken on the aspect of a struggle for 
supremacy. Just as England feels the 
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necessity of having a navy equal to the 
combined navies of several other European 
powers, so governments feel that they must 
overtop the corporate aggregations of 
wealth with which they may have to cope. 

Were there space we might discuss the 
question how far the movement toward 
governmental interference can profitably 
be pushed. The doctrine of socialism lies 
at the extreme opposite pole from the doc- 
trine of laissez faire, and we are moving 
toward socialism dangerously fast. Yet 
there are insuperable obstacles to the suc- 
cess of socialistic projects. Governmental 
power and efficiency are limited and, when 
one class of society attempts actually to 
rule another, there is always a tendency to 
corruption, inefficiency, lack of adaptabil- 
ity to new conditions and abuse of power. 
Socialism can not be put in practise with- 
out opposition, and to maintain itself social- 
ism must hold the opposing class in subjec- 
tion. Nominally this subjection would be 
a benevolent paternalism, but in political 
history it is the universal experience that 
the party in power, to entrench itself 
against attacks, soon usurps more power, 
employs indefensible and oppressive meth- 
ods and tries to establish itself in the enjoy- 
ment of special selfish privileges. 

Our present purpose, however, is to study, 
not the political, but the economic, side of 
the problem. The doctrine of laissez faire 
is that governmental interference, in eco- 
nomic matters at least, is unnecessary and 
harmful. Sometimes it is added as a cor- 
ollary that not only should government let 
individuals alone, but also that individuals 
should let each other alone. ‘Live and let 
live’ and ‘Each for himself’ are the mot- 
toes of this type of individualism. The 
advocates of extreme laissez faire maintain 
that one class is not justified in imposing 
its tastes upon another. They say, we 
must not meddle with our neighbors’ af- 
fairs, even if they are wasting their lives 
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in what appears to us trivial, useless or 
positively harmful gratifications. Those 
who love art, science or literature have no 
right, we are told, to criticize those who 
are bored by these things, but love prize- 
fighting, fast horses, fast society or high 
living. 

The reasoning by which these individual- 
istic doctrines were supported may be brief- 
ly stated in two propositions: first, each 
individual is the best judge of what sub- 
serves his own interest, and the motive of 
self-interest leads him to secure the maxi- 
mum of well-being for himself; and, sec- 
ondly, since society is merely the sum of 
individuals, the effort of each to secure the 
maximum of well-being for himself has as 
its necessary effect to secure thereby also 
the maximum of well-being for society as 
a whole. 

In the light of the experience of the last 
fifty years, it is not difficult to see wherein 
each of these two propositions is in error. 
First, it is not true that each man can be 
trusted to pursue his own best interests. 
Some men need enlightenment, owing to 
ignorance of what constitutes their best 
interests, and others need restraint, owing 
to lack of self-control in following them. 
The necessity for both enlightenment and 
restraint has always been recognized in 
the case of children, and an examination 
of actual conditions will show that they 
apply—often with equal foree—to adults. 

Liberty is certainly indispensable in a 
healthy society, but liberty insensibly 
verges upon license. While most of us 
would still agree that sumptuary laws are 
ill-advised, there is certainly good ground 
for maintaining that the liquor traffic 
should be put under some restraint, even 
if only by high license. It is not true that 
the drunkard is the best judge of what is 
for his own well-being and that of his fam- 
ily, and it is still less true that even when 
he thoroughly recognizes his failings he 
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will have the self-control to act upon that 
knowledge. Hence the liquor problem be- 
comes a social as well as an individual 
question. Again it is not true that igno- 
rant parents are justified in imposing their 
ideas of education upon their children; 
hence the problem of child-labor, instead of 
concerning only the individual, as was at 
one time thought, has important and far- 
reaching relations to society as a whole. 
The same principles apply to the restraint 
of gambling, vice, the suppression of inde- 
cent literature, the compulsion upon land- 
lords to make tenements sanitary, and 
many other forms of governmental regula- 
tion. 

Even where governmental intervention is 
impracticable or inadvisable, there will still 
be good reason for attempting betterment 
of conditions through the influence of one 
class upon another ; hence come social agita- 
tions and the efforts of one class to educate 
or instruct another. On this principle are 
based the great modern movements for 
human betterment as exemplified by the 
Society for the Study and Prevention of 
Tuberculosis, the Society for Sanitary and 
Moral Prophylaxis, the National Civic 
Federation, the American Institute of So- 
cial Service, the National Child Labor 
Committee, temperance societies, college 
settlements, district nurse associations and 
other organizations. 

Strange as it may seem to those of us 
interested in these movements to-day, the 
fact is that a generation ago many of 
them would have been regarded by the 
dominant Manchester School not only as 
impracticable, but as unnecessary and pos- 
sibly harmful. The adherents of this 
school seemed to treat the difference be- 
tween knowledge and ignorance as a mere 
difference in opinion, with which the gov- 
ernment has no more concern than with 
difference of religious creeds. It is cer- 


tainly true that the attempts of govern- 
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ments to impose what is regarded by the 
ruling class as the ‘true religion’ upon the 
entire people have always proved ill-ad- 
vised ; the recognition of this has produced 
the modern sentiment of religious tolera- 
tion. But we are carrying toleration too 
far when we refuse to correct errors which 
science demonstrates to be false. There are 
doubtless millions of persons to-day who 
jeer at the idea that indiscriminate spitting 
is dangerous to public health, but it would 
be silly to allow their ignorant prejudice 
to prevail. The bacteriologist knows what 
the ignorant do not know, and every effort 
should be made to pass down this knowl- 
edge to the masses as soon as possible after 
it is discovered. We can not let any dogma 
of laissez faire prevent us from checking 
suicidal ignorance. 

The world consists of two classes—the 
educated and the ignorant—and it is essen- 
tial for progress that the former should be 
allowed to dominate the latter. But once 
we admit that it is proper for the instructed 
classes to give tuition to the uninstructed, 
we begin to see an almost boundless vista 
for possible human betterment. Instead of 
regarding the present state of society as a 
normal and desirable one because each man 
naturally ‘seeks his own best interests,’ we 
permit ourselves to judge each actual case 
by our own ideal standard. This standard 
may differ widely from the average of 
actual usage. We must always distinguish 
between the ideal or normal, and the real or 
average. 

The average represents merely conditions 
as they are; the normal represents econdi- 
tions as they ought to be. Yet nothing is 
more common than confusing the two. In 
fact, in most anthropometric or physiologic 
tables, the word ‘normal’ is used almost 
synonymously with ‘average.’ The nor- 
mal height of man, his normal weight, his 
normal length of life, his normal diet, 
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strength, etc., are all identified with the 
average. 

In this way all question of possible im- 
provement is begged. We are stopped at 
the outset from asking, for instance, 
whether men in general are too stout, for 
the average weight of mankind is assumed 
as ‘normal.’ The absurdity of such pro- 
cedure becomes apparent as soon as we 
consider cases in which, by common con- 
sent, the average and the normal are held 
to be distinct. For instance, the average 
adult man certainly does not have normal 
teeth, for they are usually half decayed; 
nor normal hair, for he is usually half 
bald; nor normal posture, for he is usually 
round-shouldered. Average health is be- 
low normal health, average morality below 
normal morality. In the absence of evi- 
dence we have no right to assume that the 
average and the normal are identical, even 
when we lack the data on which to base an 
opinion. It is only recently, and in conse- 
quence of the movement against tubercu- 
losis, that experts have come to realize how 
widely different is the average air we 
breathe from air which is normal for hu- 
man respiration, and that investigation has 
shown the average diet, in America at least, 
to be abnormally nitrogenous. In view of 
such revelations we should be open-minded 
enough to accept evidence—should it be 
offered—that the average span of life is 
less than half the normal span, and the 
average efficiency less than half the normal 
efficiency. 

Those who habitually confuse the normal 
and the average are prevented from seeing 
the possibility of progress. They take the 
position, as unscientific as it is obstructive 
of progress, that ‘whatever is is right,’ 
presumptively at least, and brand every 
one who deviates from the average as an 
eccentric or a crank. The confusion be- 
tween the normal and the average thus 
leads to the confusion between the eccentric 
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and the pioneer. An eccentric or a crank 
is properly a person who deviates from the 
normal, and is almost the opposite of the 
pioneer, who deviates from the average, 
but toward the normal. 

Discrepancies between the average and 
the normal may apply—in fact, do apply 
—to the economie side as well as to other 
sides of life. But this the laissez faire 
doctrine denied. The world as it is was 
thought to be nearly, if not absolutely, 
the best world possible. One example 
of this complaisant assumption was in 
the use of the term ‘utility’ to signify 
the intensity of desire that men have 
for things. So far as I know, the only 
writer who has attempted systematically 
to distinguish between the desires of men 
as they are and as they should be, is 
Pareto, who for this purpose suggested a 
new term—ophelimity—to replace ‘utility’ 
as applied to man’s actual desires, reserv- 
ing for the term ‘utility’ its original sense 


of what is intrinsically desirable. Thus, to — 


an opium fiend opium has a high degree of 
ophelimity, but no utility. Economists 
have not yet laid sufficient emphasis on the 
distinction between true utility and what 
Pareto calls ophelimity. A whole range of 
problems of social betterment is opened up 
through the distinction. Economists have 
received with derision the suggestions of 
reform of Ruskin. But, however imprac- 
ticable his specific proposals, his point of 
view is certainly saner than that of most 
economists ; for, as Ruskin has pointed out, 
it is absurd to regard as equivalent a mil- 
lion dollars of capital invested in opium 
culture, and a million dollars invested in 
schools. 

But there remains to be considered a 
second fallacy in laissez faire. Not only 
is it false that men, when let alone, will 
always follow their best interests, but it is 
false that when they do, they will always 
thereby best serve society. To Adam 
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Smith it seemed self-evident that a man 
served society best who served himself 
best—though he would certainly have ad- 
mitted that the rule had exceptions in the 
ease of thieves, assassins and others who 
are obviously enemies of society. But the 
extent to which the classical ‘economic 
harmonies’ were pushed by some writers, 
while not ineluding such persons as thieves 
among beneficent workers, was, neverthe- 
less, astonishing. Herbert Spencer’s advo- 
eacy of freedom of private coinage is well 
known, though any one familiar with 
‘Gresham’s law’ knows how chimerical 
such an institution would be. A still more 
astonishing suggestion is that which Moli- 
nari is reputed to have made at one time, 
namely, that even the police function of 
government should be left to private hands, 
that police corps should be simply volun- 
tary vigilance committees, somewhat like 
the old-fashioned fire companies, and that 
rivalry between these companies would se- 
eure better service than that now obtained 
through government police! 

If we stop to classify the social effects of 
individual actions, we shall find that they 
fall into three groups: (1) those actions 
which benefit the individual himself and 
have no effect upon others; (2) those ac- 
tions which benefit the individual and at 
the same time benefit society; (3) those 
actions which benefit the individual while 
at the same time they injure society. It 
is the third group which the laissez faire 
doctrinaires have overlooked, and especially 
that part of the third group in which the 
injury to society outweighs the benefit to 
the individual. As Huxley said :? 


Suppose, however, for the sake of argument, 
that we accept the proposition that the functions 
of the state may be properly summed up in the 
one great negative commandment— Thou shalt 
not allow any man to interfere with the liberty 


*‘Life and Letters of Thomas H. Huxley,’ by 
Leonard Huxley, Vol. I., pp. 384-5, Appleton, 
New York, 1900. 
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of any other man ’—I am unable to see that the 
logical consequence is any such restriction of the 
power of government, as its supporters imply. If 
my next-door neighbor chooses to have his drains 
in such a state as to create a poisonous atmos- 
phere, which I breathe at the risk of typhoid and 
diphtheria, he restricts my just freedom to live 
just as much as if he went about with a pistol 
threatening my life; if he is to be allowed to let 
his children go unvaccinated, he might as well be 
allowed to leave strychnine lozenges about in the 
way of mine; and if he brings them up untaught 
and untrained to earn their living, he is doing his 
best to restrict my freedom, by increasing the bur- 
den of taxation for the support of gaols and work- 
houses, which I have to pay. 

The higher the state of civilization, the more 
completely do the actions of one member of the 
social body influence all the rest, and the less 
possible is it for any one man to do a wrong 
thing without interfering, more or less, with the 
freedom of all his fellow citizens. 


In the examples given by Huxley, the 
acts complained of are injurious not only 
to society, but to the individual. But even 
when the act of an individual is actually 
for his own benefit, it may not be for 
the benefit of society. The paradox that 
the intelligent actions of a million indi- 
viduals, each attempting to better his con- 
dition, may result in making the aggregate 
condition of the million worse, is illustrated 
by considering the effect of individual ac- 
tion in the ease of a burning building. 
When a theater is on fire, thousands of 
frantic individuals are struggling to get 
out. In the panic, it is doubtless to the 
best interest of any particular individual 
to struggle to get ahead of the others; if he 
does not, he is far more apt to be burned. 
And yet nothing is more certain than that 
the very intensity of such efforts in the 
aggregate defeat their own ends. The rea- 
son is that the effect of the effort is chiefly 
relative; so far as one pushes himself for- 
ward he pushes others backward. 

Numerous examples exist of actions 
which benefit the individual but injure so- 
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ciety, or benefit a part of society but injure 
society as a whole. Thus, the city of Chi- 
cago, in tapping the Great Lakes for its 
new sewerage system, has tended to influ- 
ence the level of those lakes and thereby 
affect economically a large territory, in- 
cluding several states of the Union and 
also Canada. It has been estimated that 
the level of the lakes may be affected as 
much as six inches. 

One reason for federal interference in 
irrigation is that the water supply is 
often controlled by citizens of one state, 
while the land belongs to another state or 
to the United States, and cooperation be- 
tween the two is difficult to secure. Water, 
in the arid lands of the west, is a prime 


requisite, and without it the lands have no 


value. From one point, Mt. Union, in the 
Yellowstone Park, three rivers begin—the 
Missouri, the Columbia and the Colorado— 
flowing into the Gulf of Mexico, the Pacific 
and the Gulf of California, and through a 
large number of states and a vast extent of 
territory. The mutual interests of the ripa- 
rian owners and those affected by irrigation 
could scarcely be adjusted merely through 
the play of individual interests. 

Similarly, the act of one individual in 
destroying forests influences climate and 
water supply and thereby affects other in- 
dividuals in distant parts. Where indi- 
viduals in the community are allowed to 
seek their own interests the destruction of 
forests in some regions inevitably follows. 

A like effect was seen a few years ago 
in the case of the seal dispute between the 
United States and Great Britain. The play 
of individual motive in this ease tended to 
the actual extinction of seals, and could 
only be curbed by the mutual agreement of 
nations to prevent pelagic sealing. 

Individual action can not be trusted to 
provide fire-proof or slow-burning construc- 
tion as required in a crowded city; for the 
individual, although interested in protect- 
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ing himself from his neighbors’ fires, is not 
interested in protecting his neighbors from 
his own fires; hence the necessity and justi- 
fication for city fire ordinances. Similarly, 
soft coal, in such cities as Denver, St. Louis 
and Pittsburg, constitutes a veritable nui- 
sance to the entire city; and yet the indi- 
vidual factory owner is undoubtedly fol- 
lowing his own best interest in not substi- 
tuting hard coal or using expensive smoke- 
consumers. Such protective measures 
would redound greatly to the benefit of 
the community, but only slightly to his 
own benefit; hence the necessity and justi- 
fication for smoke ordinances. Individual 
action would never give rise to a system of 
city parks, or even to any useful system of 
streets. And where parks exist, as in the 
ease of Battery Park, New York, there is a 
constant tendency for those seeking their 
individual interests to encroach upon them. 
In Hartford and other cities certain parks 
have in this way gradually disappeared, 
much to the damage of the public. 

In the cases mentioned, of a conflict 
between social and individual interests, 
legal restraints become necessary. But 
there are many examples in which, for one 
reason or another, legal restraints are im- 
practicable. This is particularly true in 
cases where a number of nations are con- 
cerned. There can be no question, for in- 
stance, that the standing armies and great 
navies are an almost intolerable burden in 
Europe, and that their existence has tended 
to increase the cost of our own army and 
navy, three thousand miles away. Never- 
theless, in the absence of any central inter- 
national authority or mutual agreement to 
bring about disarmament, it must be con- 
fessed that it is to the interest of Germany 
or France each individually to keep up its 
military equipment to a level comparable 


to that of its neighbors. Yet the aggregate 


effect of international competition for mili- 
tary power is to cancel itself out; the ad- 
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vantages and disadvantages are purely rela- 
tive. The nations are in a mad race each 
to excel the other. Their object being 
purely one of relative advantage, such ad- 
vantage can be shifted from one to the 
other, but can not accrue to all. A general 
increase in relative advantage is a contra- 
diction in terms, so that in the end the 
racers as a whole have only their labor for 
their pains. 

An economic example of the same inter- 
national character, and one which has re- 
ceived very scant attention, is found in the 
increase of the monetary metals. The 
production and distribution of gold and 
silver is the effect of individual action, 
each person seeking his own best inter- 
ests. Yet the aggregate effect upon these 
individuals may be injurious. The in- 
jury referred to is not the imaginary in- 
jury of an ‘unfavorable balance of trade’ 
which was the bugbear of the mercantil- 
ists, but the exact opposite. A nation 
which increases its stock of money is always 
and necessarily a loser. This increase costs 
the nation either labor of mining or com- 
modities sent out of the country, and for 
this cost there is no return whatever. To 
assume that the increase of money is itself 
a valuable return is to commit the fallacy 
of inflationism. Money is a very peculiar 
commodity. A general increase of other 
commodities is an advantage to society, 
but a general increase of money is not. 
The inflationist reasons that if a govern- 
ment can enrich one person by printing 
paper money and bestowing it upon him, 
it has only to do the same for everybody in 
order to enrich the nation. The paper- 
money delusion is too well understood to 
require comment. It is, however, not al- 
ways perceived that precisely the same rea- 
soning applies to all inflation, even the in- 
flation which nature herself creates when 
she unlocks her hoards of buried treasure. 
The United States now has $33 of money 
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per capita as against $22 a few years ago, 
but we are no better off on that account. 
The smaller amount of money is as useful 
in exchange as the larger amount. There 
are, of course, transition evils in contract- 
ing or expanding the currency, but so long 
as the price level remains constant or cer- 
tain, the absolute number of dollars of the 
circulating medium is a matter of indiffer- 
ence. It follows that any effort expended 
in increasing the stock of money is wasted 
effort, an effort without a return. This 
waste is a necessary concomitant of mone- 
tary individualism. 

A not dissimilar case, and one which is 
now causing much discussion, is that of 
railroad rates. Those who have exam- 
ined the working of competition in rail- 
road transportation recognize the fact 
that this competition is of the variety 
called ‘cut-throat’ competition, and that no 
stable or normal rates for transportation, 
under which capitalists will consent to in- 
vest in railway-building, can occur through 
such competition. Those who advocate 
competition as a cure for the evils of rail- 
road rates do not appreciate the mechanics 
of the problem. The effect of competi- 
tion is to bring rates down to the cost of 
operation; it leaves no provision for in- 
terest on capital sunk in the enterprise. 
If the cost of operation is one cent per ton- 
mile, whereas two cents are required to 
include enough revenue to pay interest on 
original cost, rates under competition will 
inevitably sink below the two-cent level to 
the one-cent level. For if we assume that 
the two-cent rate is for a moment the ruling 
rate, it is clear that it would pay any indi- 
vidual competitor to cut under that rate in 
order to divert traffic away from his rivals. 
But as soon as he cuts below it, all the 
others must do likewise or lose their traffic. 
This competition is merely self-defense, and 
yet its ultimate effect is to injure, not bene- 
fit, all of the roads who engage in it. It is 
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cut-throat competition. In order that rates 
may be maintained at the two-cent instead 
of the one-cent level, either competition 
must be absent, or it must be partial or im- 
perfect. In the actual railroad world com- 
petition is usually present at some points 
and absent at others. The consequence of 
this mixture of competition and monopoly 
is that rates will be determined differently 
for some points than for others, and this 
constitutes what is called local discrimina- 
tion. In a régime where monopoly is pres- 
ent, discrimination, not only of this local 
character, but discrimination as to persons 
and as to commodities carried, is a natural 
and inevitable result. It is not, of course, 
a desirable result; but it is no more unde- 
sirable than is the cut-throat competition 
which is the other horn of the dilemma. 
This cut-throat competition discourages the 
investment of capital in new railroads, and 
the shippers and consumers must in the end 
suffer. This dilemma between the evils 
of monopoly and of competition leads to 
governmental regulation, though the effi- 
cacy of this remedy is not all that could be 
desired. It is not our purpose to discuss 
the best solution of so difficult a question. 
We are merely concerned in pointing out 
that this railroad-rate problem is partly 
due to cut-throat competition and that cut- 
throat competition is one more example of 
the suicidal effects of blindly following in- 
dividual self-interest. 

Numerous other examples might be 
given; we shall, however, content ourselves 
with one. As John Rae has pointed ont, 
there exists a species of subtie competition 
in private expenditure, due to social rivalry 
—the desire for distinction through wealth. 
It has frequently been remarked among 
ladies’ social clubs which begin with simple 
entertainments, that each successive hostess 
attempts, almost unconsciously, to surpass 
her predecessor in the entertainment of- 
fered. Beginning with tea and cake, the 
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club ends with elaborate and expensive 
collations, until it produces a heavy drain 
upon the resources of its members. In 
precisely the same way, on a larger scale, 
there is laid a heavy burden upon us all 
through the social rivalry of individuals. 
If we study the history of Newport or sim- 
ilar fashionable resorts, we find that social 
racing has gradually resulted in setting a 
pace which only the most wealthy can keep 
up, and that even for them expenditure 
represents cost rather than satisfaction. 
This cost often takes the form of producing 
fictitious values on articles merely because 
they are ‘exclusive.’ As John Rae says:° 

A dish of nightingale’s brains could scarcely be 
a very delicious morsel, yet Adam Smith quotes 
from Pliny the price paid for a single night- 
ingale as about £66. According to Suetonius, no 
meal cost Vitellius less than £2,000 * * * Thus 
Adam Smith reckons the cost of some cushions of 
a particular sort used to lean on at table, at 
£30,000. 

Nor do we need to draw our examples 
from ancient Rome. The ‘History of Lux- 
ury’ by Baudrillart will show the tendency 
to produce luxury out of social rivalry in 
all ages. It was only recently that an 
American in London gave a dinner party 
which was said to have cost $8,000. The 
table was placed in a large Venetian gon- 
dola set in the midst of an artificial Jake, 
while in a smaller gondola near by a band 
was stationed. 

Much has been said of late about the 
importance of living the simple life, but so 
far as I know there has been no analysis 
to show why it is not lived. This analysis 
would reveal that the failure to live it is 
due to a kind of unconscious cut-throat 
competition in fashionable society. When 
San Francisco was destroyed by earthquake 
and fire, much comment was made upon the 
fact that many did not feel their losses as 


** Sociological Theory of Capital,’ by John Rae, 
ed. by C. W. Mixter, MacMillan, 1905, p. 247. 
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much as might have been anticipated. One 
reason for this result is doubtless found in 
the fact that the losses were not relative. 
Had a single individual found himself sud- 
denly reduced from a palace to a tent, his 
sense of loss and discomfiture would have 
been great. He could no longer return 
social entertainment among his former as- 
sociates ; he would feel ‘out of it’ and envy 
would gnaw at his breast. But after the 
San Francisco catastrophe there was little 
place for envy; all were in the same boat. 
There was no relative loss, there was only 
the absolute loss of creature comforts, and 
strange as it may seem to one who has not 
considered it, the absolute loss is the smaller 
of the two. 

It is hard to overestimate the tax which 
is laid upon society through social racing. 
We are not conscious of this weight, be- 
cause, like the weight of the atmosphere, 
it is always pressing upon us. The New 
York business man buys a silk hat as a 
matter of course. He does not think of its 
cost as a tax laid on him by society. He is 
satisfied because the hat fills a want, and 
he does not consider how that want orig- 
inated. It is only when the tax varies by 
change of place, just as when atmospheric 
pressure varies by ascending a mountain, 
that he is at all aware of its existence. If 
he removes to a smaller town where social 
racing is less intense and the leaders in the 
race are unable to set so high a pace, he 
finds the tall hat no longer de rigueur. He 
drops off this and numerous other expenses 
and feels himself that much better off. <A 
gentleman recently refused a salary of 
$7,000 in New York, preferring $4,000 in 
a smaller town, feeling that he could buy 
no more real satisfaction with the former 
than with the latter. The extra $3,000 
meant simply that it would cost more to 
keep up with his neighbors. 

The burden of social racing is laid not 
only on the rich but upon all classes. 
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A milliner in New Haven recently thought 
to avoid competing with existing fashion- 
able millinery establishments by catering 
to the trade of shop girls. To his surprise, 
he found that the tyranny of fashion 
was quite as strong among them. He at- 
tempted to put on sale a large number 
of $5 and $6 hats, but found great diffi- 
culty in disposing of them, whereas the 
few $15 and $16 hats met with a very ready 
sale. The shop girls wanted these hats to 
‘be in the swim.’ Recently in France a 
whole family committed suicide because 
they had lost the capital which they con- 
sidered necessary to keep their social posi- 
tion. 

Many ingenious arguments have been 
made to justify luxury and in some of them 
there may lie truth. The fact that luxuri- 
ous expenditure can be so readily cut down 
in hard times provides a sort of buffer 
against want and famine. The relations of 
luxury to the growth of population deserve 
careful study. But whatever the indirect 
benefits of luxury, certain it is that it forms 
a tax upon society, and a heavy one. It 
seems also true that where luxury is great- 
est civilization decays. 

Were there more space we might discuss 
remedies for this social racing ; but we must 
content ourselves with merely describing 
the phenomenon. It exemplifies the man- 
ner in which the self-seeking of each may 
create a burden for all. 

From this and the other examples 
which have been reviewed we see that 
the mechanies of individualism is not so 
simple as the individualists have assumed. 
The old individualism requires two cor- 
rections: first, the individual may often 
be interfered with in his own interest, be- 
cause either of his ignorance or his lack 
of self-control; secondly, even when an in- 
dividual can be trusted to follow his own 
best interests, it can not be assumed that 
he will thereby best serve the interests of 
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society. A recognition of these two facts 
is essential not only to clear thinking, but 
as preliminary to any practical solution of 
the great problems of human betterment. 
We are doubtless to-day in danger of too 
much socialistic experimentation ; but noth- 
ing can be gained and much may be lost by 
ignoring or condoning the opposite evils of 
individualism. In fact, the menace of so- 
cialism can best be met if we understand 
and acknowledge the evils which it is in- 
tended to remedy. The preliminary to 
remedy is diagnosis, and an accurate diag- 
nosis will save us from the error of both 
extremes—the extreme, on the one hand, 
of an overdose of socialism, and the ex- 
treme, on the other hand, of omitting all 
medication whatever. 
IRVING FISHER 
YALE UNIVERSITY 


SCIENTIFIC BOOKS 


Sociology and Social Progress: A Handbook 
for Students of Sociology. Compiled by 
Tuomas Nixon Carver, Ph.D., LL.D., David 
A. Wells Professor of Political Economy in 
Harvard University. Boston, Ginn and 
Company [1906]. Pp. vi-+810; 8°. List 
price, $2.75; mailing price, $2.95. 

This is a timely and valuable book. In 
these days when social questions are attract- 
ing the attention of all, even the scientific 
specialists, and when an undigested mass of 
contemporary literature is being poured forth 
upon the public wholly incapable of appraising 
it, it is of the greatest importance that the 
utterances of the masters of thought, science 
and literature bearing on the subject should 
be made accessible to all as guides to public 
judgment. To do this is the purpose of this 
volume, and even a partial enumeration of the 
authors and works that have been drawn upon 
is sufficient to indicate the value of the com- 
pilation. The most important are: Comte’s 
‘Positive Philosophy’ (Harriet Martineau’s 
English condensation), Buckle’s ‘ History of 
Civilization,’ Darwin’s ‘Descent of Man,’ 
Adam Smith’s ‘ Theory of Moral Sentiments,’ 
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Fiske’s 


Bagehot’s ‘Physics and Politics,’ 
‘Outlines of Cosmic Philosophy,’ Herbert 
Spencer’s ‘Data of Ethics,’ Kidd’s ‘ Social 
Evolution,’ Tarde’s ‘Imitation,’ Galton’s 
‘Hereditary Genius,’ Machiavelli’s ‘ Prince,’ 
Aristotle’s ‘ Politics.’ 

When we remember that about two thirds 
of the space is devoted to these works and a 
fair share to others ranking second only to 
these, we can well pardon the introduction of 
a number of lesser works and even some quite 
insignificant ones. 

The selections from large works, which is 
no easy task, are judiciously made. For ex- 
ample, the three most important subjects 
treated by Buckle, viz., the influence of phys- 
ical laws on society, the réle of intellectual 
development, and the influence of religion, 
literature and government, are introduced here 
without abridgment. Darwin’s chapters on 
sexual selection in relation to man are given 
in full with the exception of the scientific 
details, so that it is quite readable. And so 
of the rest. Those who read these works in 
their youth and retain only a vague impres- 
sion of them, have an opportunity here to 
refresh their minds with the cream of them, 
and those who never read them at all can gain 
from this digest a fairly adequate idea of 
them. 

But Dr. Carver has intended that the book, 
as its title implies, should be something more 
than a mere compilation. In the first place, 
he has supplied an introduction to it of his 
own, in which he sets forth as clearly as has 
ever been done the true scope and method of 
sociology. His treatment is thoroughly sane. 
He is an economist of the modern school 
which has arisen from the recent revised 
definition of value, and which brings the 
great sciences of economics and sociology into 
sympathetic touch with each other. If he 
lays somewhat undue stress on social progress, 
he only does what others, including the pres- 
ent reviewer, have done before they had de- 
voted themselves to a serious study of the con- 
ditions of social order. The doctrine which 


he specially emphasizes as his own, and which 
he had earlier set forth, is expressed in these 
words: | 
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Every great historical epoch and every variety 
of social organization must be explained on the 
basis of factors and forces now at work, and 
which the student may study at first hand. 


This is now called sociological uniformi- 
tarianism. It was strongly hinted at by Sir 
Charles Lyell himself (‘Priticiples of Geol- 
ogy,’ eleventh edition, Vol. L, p. 167). It is 
called by Gumplowicz ‘ the eternal uniformity 
(Wesensgleichheit) of social processes’ (‘ Ras- 
senkampf,’ p. 172), and is discussed at length 
by him. It has been insisted upon by Bernés 
and Regnano in Europe and by Ross and 
Small in America, and was applied by 
Schleicher to language. 

Conformably to this philosophical introduc- 
tion, Dr. Carver has undertaken to classify his 
materials under certain logical heads. The 
late Dr. G. Brown Goode described a museum 
as ‘a collection of labels illustrated by speci- 
mens.’ The materials of this work have about 


the same importance relatively to these heads ~ 


as do the specimens of a museum to the labels. 
He divides the matter of the book into three 
parts, the first relating to the nature, scope 
and method of sociology, the second to its 
bearing on social progress, while the third 
part embraces the various factors of social 
progress, which he still further subdivides into 
physical and biological, psychical, social and 
economic, and political and legal. 

This classification may have value for some 
minds, but doubtless chiefly for that of the 
compiler, and the ordinary reader will not 
generally know, and will care less, where he is 
in the scheme when he is reading any of the 
interesting essays that the work contains. It 
would have been just as well to arrange them 
in the alphabetical order of the authors, or 
still better in the chronological order of the 
works. 

As already said, the authors cited are nearly 
all either famous or of a high order, and some 
of the essays whose authors are either con- 
temporary or somewhat less well known are 
among the best selections: The essay entitled 
‘War and Economics in History and Theory,’ 
by Edward Van Dyke Robinson, certainly an- 
swers this description. There are, however, a 


few of the articles whose appearance in this 
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roll of honor is matter for regret. Only one 
such need be mentioned, viz., Drummond’s 
Struggle for the Life of Others, from his 
book ‘The Ascent of Man,’ 1894, the very 
title of which was plagiarized from the ad- 
dress of Dr. Frank Baker, as president of the 
Anthropological Section of the American As- 
sociation for the Advancement of Science at 
the Indianapolis meeting, in August, 1890, 
published in the Proceedings, Vol. XX XIX., 
p. 351, and also in the American Anthro- 
pologist for October, 1890, Vol. III., No. 4, 
p. 297, and with which Drummond must have 
been familiar. But this might have been 
pardoned if the book itself, or most of what 
is true in it, were not a plagiarism from 
Haeckel and other authors. Even this offense, 
however, is less grave than the utterly un- 
scientific and mainly false attitude of the 
author in the application and interpretation 
of his facts. 

From the standpoint of book-making this 
volume has its defects. Not to mention its 
ugly, unesthetie style of binding, it is one of 
those books in which the user is always lost 
and constantly compelled to revert to the con- 
tents to find what he wants. This could easily 
have been remedied by head-lines showing 
‘who is talking’ on any page. But such 
things are ‘ trifles light as air’ by the side of 
the sterling merits of the work. 

Lester F. Warp 

Brown UNIVERSITY 

PROVIDENCE, R. I. 


VARIATIONS OF THE BONES OF THE FACE’ 


Tuts work (which should have been re- 
viewed sooner) is the continuation of Pro- 
fessor Le Double’s great undertaking which is 
to give us a complete account of the varia- 
tions of the human skeleton. His last work, 
which was noticed in these pages, treated of 
the variations of the cranial bones. This one, 
therefore completes the head. In the preface 
the author gives some account of his labors 
and maintains that none of his propositions 


1*Traité des Variations des Os de la Face de 
Homme et leur signification au point de vue de 
l’Anthropologie Zoologique,’ par M le Dr. A. F. 
Le Double, Paris, Vigot Fréres, 1906. 
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has been refuted. He dwells very justly on 
the correlation of malformation (or perhaps 
merely variation) and disease. In his conclu- 
sions at the end of the work there is much 
that is interesting. He is severe on Lom- 
broso. In fact, it is easy enough to demolish 
the fantastic exaggerations of that school; but 
we are not yet convinced that the idea of a 
criminal type is absurd. 

Dr. Le Double writes as follows concerning 
variation: “In the actual conditions of our 
methods of investigation no truly scientific 
theory of heredity seems to me _ possible. 
There is not one of the explanations proposed 
to us that is not to some extent a matter of 
discussion.” This is true and well said. We 
incline to think that he is rather too ready to 
accept the very general view of atavism. If a 
peculiarity is inherited we have a right to ask 
for the line of descent, and this line must not 
diverge from the lines used to explain other 
peculiarities. In point of fact this has not 
yet been shown. On the contrary, the threads 
tend to get snarled very badly. 

We had not meant, however, to go into any 
discussion. Ours is the pleasanter purpose of 
calling attention to the thoroughness of the 
analysis and the wealth of material to be 
found in this book. None but a trained 
anatomist has any suspicion of the vast num- 
ber of variations found in the bones of the 
face. We cannot even begin to enumerate 
them. Suffice it to say that the book is indis- 
pensable to the anatomist working in this de- 
partment of science. The opening chapter on 
the nasal bones is a very attractive one. Then 
comes the chapter on the lachrymal, from 
which we would extract a table as a very 
striking illustration of the necessity of large 
series for statistics. The table shows the 
cases of absence of this bone seen by different 


observers : 
Krause, 8 in 100 skulls. 
Macalister, 2 in 150 skulls. 
Bianchi, 5 in 350 skulls. 
Merkel and Kallius, 1 in 1,000 skulls. 
Zabel, 3 in 200 skulls. 
Adachi, 6 in 121 skulls. 
Le Double, 1 in 100 skulls. 


It is to be noted that Adachi’s observations 
were on Japanese. This raises the further 
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question of the effect of race on variation. 
The whole subject is a very fascinating one. 


Tuomas 


Amerikanisches Hochschulwesen. Eindriicke 
und Betrachtungen. By Dr. W. Borrcer, 
Privatdozent at the University of Leipsic. 
Pp. 70. Leipsic, Wilhelm Engelmann. 
1906. 

This little book is a critical comparison of 
the conditions in American and German uni- 
versities and schools for higher education, and 
is written especially with the aim of present- 
ing to German readers that which is of merit 
in American institutions. The author’s ex- 


perience was gained by one year’s residence 


in America, during which time he occupied 
the station of research associate at the Massa- 
chusetts Institute of Technology. By nature 
and training a keen observer and student of 
conditions, he has gained a remarkably thor- 
ough appreciation of the methods and ideals 
of American higher education as typified in 
the Massachusetts Institute of Technology 
and Harvard University. As he himself em- 
phasizes, he has not immediately embodied 
his ideas in print, but has first allowed them 
to mature during several months after his 
return to his work in his native country. He 
thus can give a fairer survey of the subject 
and not one distorted by the accidental being 
mistaken for the typical, as has been done by 
some who have essayed to express themselves 
upon this subject. 

America is, according to Dr. Béttger, the 
land of experimentation in educational mat- 
ters; it is only during the last thirty years 
that the American universities have developed 
to their present importance. Their life is, 
therefore, younger and thus more energetic. 

The length of time occupied in the prepara- 
tory schools by the youth of both countries is 
about equal—an average of twelve years; yet 
the graduate of the American preparatory 
school has only the training requisite for en- 
trance to the highest class of the German 
‘gymnasium.’ The reason for this is, nat- 
urally, that the American boy is not so severe- 
ly pressed in his studies, whereby more oppor- 
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tunity is given for his very essential physical 
development. 

The first years of the American college are 
still in the nature of preparation for his spe- 
cial line of study; thus the transition from a 
condition of dependence in the preparatory 
school to one of independence in the higher 
school is a gradual one. Much stress is laid 
by the author upon the American system of 
supervision of the students’ work as compared 
with the German system of complete freedom. 
The advantages of the American method are 
evident—that many students are guarded 
against mistakes which would entail serious 
consequences. Contrasted to this, the Ger- 
man system suddenly throws the student 
wholly upon his own _ responsibility—upon 
entrance into the university his choice of 
studies is unrestricted, and he takes no exam- 
ination until his final one, when he deems 
himself prepared to try for the degree of 
‘doctor’ from the university. The German 
contends that his system possesses the advan- 
tage that those who do not make the proper 
use of the freedom accorded to them will 
sooner or later fall out, so that only those 
will reach the goal who properly understand 
the privileges and duties of the students’ free- 
dom. This argument, however, presupposes 
that the student already has that which he 
must first acquire. In America, the same 
goal is striven for, but with fewer losses, in 
that the transition to the condition of inde- 
pendence is made gradual. 

The difference in the ideals of education in 
the two countries may be summed up in the 
following: In America the aim of the higher 
education is to increase the efficiency of the 
average man; while in Germany the stress is 
laid upon bringing the best to the highest 
development. The author seems to reach the 
conclusion that due precaution is exercised in 
America to prevent the invasion of the less 
diligent into the ranks of the learned profes- 
sions, while, at the same time, pains are taken 
to develop the less gifted, who are, on this 
account, the more in need of education. 

The author discusses at some length the 
matters of state and private schools, the or- 
ganization of instruction, the cost of instruc- 
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tion and scholarships, athletics and the love 
and loyalty of the alumni of a school for their 
alma mater. Many matters of interest are 
treated which can not be touched upon in this 
review. The author has dealt very lightly 
with our failings and has devoted himself 
chiefly to pointing out to his countrymen, 
with whom education is an established sci- 
ence, that which has been attained in a coun- 
try where education is still in the state of 
development. It is a matter of interest to 
learn those points in our system which are 
deemed commendable, or worthy of study, by 
a student trained in the old world educational 
ideals. This work is of additional interest as 
treating the subject especially from the view- 
point of education in the exact natural sci- 
ences; previous writers in the main having 
treated the subject in its relation to general 
culture. Artuur A. BLaNcHarD 


SCIENTIFIC JOURNALS AND ARTICLES 


The Journal of Geology for November- 
December has for its frontispiece a reproduc- 
tion of a photograph of the late Professor 
Israel C. Russel. The first article is a sketch 
of his life by G. K. Gilbert. Following this 
is an article by James Geikie, “On the so- 
called ‘ Postglacial Formations’ of Scotland.” 
In this are discussed geographical and climatic 
changes, from evidence gathered in the Scot- 
tish mountains. As the most representative 
deposits known as ‘ postglacial,’ he speaks of 
‘raised beaches, estuarine and fluviatile ter- 
races, lacustrine alluvia and peat mosses.’ 
He considers the term ‘ postglacial’ mislead- 
ing, because glacial conditions disappeared 
from different regions at widely different 
times. The following succession of events is 
given: (1) after the disappearance of district 
ice-sheets and mountain-valley glaciers, the 
sea retreated considerably, and the climate 
became milder; (2) subsidence and return to 
cold climate; (3) retreat of sea beyond present 
coast line and return to dry genial conditions; 
(4) partial subsidence with change of climate 
to cold and wet; (5) final retreat of sea to 
present level. The next article is on ‘The 
Three Paleozoic Ice Ages of South Africa,’ 
by Ernest H. L. Schwarz. Evidence is offered 
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of three ice ages at widely separated times. 
The Permian glaciation is already fairly well 
known. Of the other two, one is probably 
Devonian, the other Archean. The field evi- 
dence is said to be convincing. ‘The Texture 
of Igneous Rocks’ is taken up by Whitman 
Cross, J. P. Iddings, L. V. Pirsson and H. S. 
Washington. They attempt to make the 
classification according to textures more sys- 
tematic, and to get rid of the prevalent vague- 
ness and inexactness. Terms with exact 
meanings are proposed and the whole put into 
systematic shape. ‘ Natural Mounds’ is the 
title of an article by Maurius R. Campbell. 
The mounds occur on flat surfaces and are 
low and broad, and very symmetrical. They 
vary from 10 to 140 feet in diameter and 
from a few inches to 5 or 6 feet in height. 
They are of very wide occurrence. Various 
hypotheses of origin have been offered, but 
many of them have little foundation. Of 
eleven possible modes of origin the writer 
eliminates all but the one which ascribes them 
to burrowing animals—ants or rodents. The 
subject of ‘Rock Folds due to Weathering’ 
is taken up by the same author. He shows 
how great the expansion is in ordinary weath- 
ering and how this often forces the surface 
rocks to buckle. ‘The Geology of the Lower 
Amazon Region’ is based upon Katzer’s work 
and that of some others and was written by 
Charles Schuchert. As the title indicates, it 
is a discussion of the general geology and 
stratigraphy of the region and adds consid- 
erably to our knowledge of Brazil. The De- 
vonian and Carboniferous are discussed in 
considerable detail, and lists of fossils given 
for correlation. The last article is by George 
Davis Louderback on ‘ The Relation of Radio- 
activity to Vulcanism.’ The important bear- 
ing of the recently developed knowledge of 
radioactivity on the problems of the geologist 
is shown and discussed in some detail. The 
writer believes that while much of the interior 
heat of the earth may be explained by radio- 
activity, the special phenomena of volcanoes 
may not be so explained. 

The Journal of Comparative Neurology and 
Psychology for November contains the follow- 
ing articles: ‘The Mode of Connection of the 
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Medullated Nerve Fiber with its Cell Body,’ 
by Oliver S. Strong. A plate is given illus- 
trating the form of the axone between the cell 
body and the medullary sheath. ‘On the 
Centers for Taste and Touch in the Medulla 
Oblongata of Fishes,’ by C. Judson Herrick. 
Fishes like the catfish which detect their food 
by the simultaneous action of both taste and 
touch in the barblets and outer skin offer an 
interesting problem in the examination of the 
centers of correlation within the brain for 
these diverse sensory tracts coming from the 
same cutaneous areas. The analysis of these 
centers in the medulla oblongata of Ameiurus 
shows that the gustatory nerves from visceral 
surfaces effect the usual secondary connections 
with the visceral musculature, but those gusta- 
tory nerves which come from the outer skin 
make their secondary connections with the 
primary tactile centers in the funicular nuclei, 
so that a common efferent path from the 
latter correlation center serves for both senses. 
‘ Modifiability of Behavior in Hydroides dian- 
thus V,’ by Ada Watterson Yerkes. The ex- 
periments show that this annelid worm readily 
learns by experience. Two short papers on 
the ‘ Behavior of Gonionemus’ are contributed 
by Max Morse and Robert M. Yerkes respect- 
ively. An editorial on the relation of the 
newer work of the American school of com- 
parative neurologists to human neurology and 
a few book reviews complete the number. 


SOCIETIES AND ACADEMIES 


THE GEOLOGICAL SOCIETY OF WASHINGTON 

At the 182d meeting of the society on No- 
vember 14, Mr. F. E. Wright presented in- 
formally the results of a comparative study of 
various methods in use for determining the 
relative quantities of mineral constituents in 
rocks. 

The meeting was devoted to an account of 
the Tenth International Geologic Congress, 
held in Mexico City, September 7 to 14, 1906. 

Mr. Greorce Orts Smita described ‘The Excur- 
sion before the Congress.’ 

Mr. S. F. Emmons: ‘ The Excursion to Jorullo.’ 

Mr. G. F. Becker: ‘The Sessions in Mexico 
City.’ 

Mr. T. W. Stanton: ‘ The Excursions after the 
Congress.’ 
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At the 183d meeting of the society, held on 
November 28, Mr. Geo. H. Ashley exhibited 
a diagram illustrating the occurrence of con- 
torted shales lying below a massive sandstone 
in relatively flat-lying rocks, suggesting that 
this effect may have been produced by the ac- 
tion of gravity subsequent to erosion. Mr. 
M. R. Campbell and Mr. G. C. Martin ex- 
pressed the opinion that such structures are 
more likely to have originated as a result of 
folding prior to the deposition of the over- 
lying strata. 

Mr. Geo. B. Richardson exhibited specimens 
of fossil bones collected in October, 1906, at 
Rous’ gravel pit in the northern part of El 
Paso, Texas. The remains, comprising teeth 
of a mammoth and a horse and the jaw bones 
of a tapir, had been secured and identified 
generically by Mr. Walter Koch, who pre- 
sented them to the speaker. They have since 
been determined by Mr. J. W. Gidley of the 
U. S. National Museum to represent the fol- 
lowing forms: Elephas columbi, Equus com- 
plicatus and Tapiris (haysii?). The bones 
were found in cross-bedded sand and gravel 
at two horizons, thirty and sixty feet below 
the surface of a hill, an erosion outlier of the 
bolson plain which lies at the base of the 
Franklin Mountains. 

The find is of particular interest because 
it indicates the age of at least part of a great 
mass of unconsolidated beds adjacent to the 
valley of the Rio Grande, and furnishes 
another link in the long chain of evidence of 
a moist climate during the early Quaternary 
in the Cordilleran region. Deep well records 
show the presence of over 2,200 feet of uncon- 
solidated material in the vicinity of E] Paso, 
but whether all of this is Quaternary or the 
basal part is Tertiary remains to be de- 
termined. 

In the discussion Mr. W. T. Lee mentioned 
the occurrence of the teeth of a Pleistocene 
species of ELquus thirty miles northwest of 
E] Paso, in beds formerly called Miocene, and 
Mr. C. A. Fisher reported similar fossils from 
the Pecos Valley. 


Regular Program 
The Geological Map of North America: Mr. 
Bartey WILLIs. 
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This map will be issued with the Comptes 
Rendus of the International Geological Con- 
gress held in Mexico City, September 7 to 14, 
1906. It is further planned by the U. S. 
Geological Survey to issue a revised edition 
with descriptive text. 


The Elevated Beaches of Labrador: M. L. 

FULLER. 

The speaker reviewed the work of Bell, 
Packard, Low and Daly on the raised beaches 
and terraces of the Labrador coast, noting the 
doubt which a recent trip threw upon certain 
postulations of change of level based on some 
of the beaches and terraces. Some of the sea 
caves appear to be the result of weathering 
agencies rather than of marine erosion, while 
a great majority of the rock benches are mani- 
festly due to differential subaerial erosion con- 
trolled by normal and concentric jointing and 
modified by glaciation. The preponderance of 
the beaches along the sides of the fiord-like 
inlets, and their eastward slope in certain in- 
stances, lead the speaker to consider some of 
them, at least, to be possibly due to causes 
other than marine erosion, representing, for 
instance, accumulations of the morainal ter- 
race type along the sides of valley ice lobes 
during the closing stages of the last ice in- 
vasion. The method employed by Daly—the 
determination of the lowest limit of undis-. 
turbed glacial erratics—is recommended to 
future investigators as a more reliable means 
of determining changes of level than observa- 
tions on the so-called beaches. 


The Colorado Desert and Salton Sea. M. R. 
CAMPBELL. 
Discussed from the standpoint of engineer- 
ing by Mr. E. W. Parker. 


At the 184th meeting of the society, held on 
December 19, Mr. George P. Merrill, the re- 
tiring president, presented an address, illus- 
trated by lantern slides, entitled “The Com- 
position and Structure of Meteorites com- 
pared with those of Terrestrial Rocks.” 

At the close of Mr. Merrill’s address the 
fourteenth annual meeting of the society was 
held for the purpose of electing officers, and 
the following officers were elected for the en- 
suing year. 
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President—Mr. Waldemar Lindgren. 

Vice-Presidents—Mr. M. R. Campbell, and A. H. 
Brooks. 

Secretaries—Messrs. F. E. Wright and Ralph 
Arnold. 

Treasurer—Mr. Joseph A. Taff. 

Members at Large of the Council—F. L. Ran- 
some, T. W. Stanton, George H. Ashley, E. O. 
Ulrich, George B. Richardson. 

Artuur C. SPENCER, 
Secretary 


DISCUSSION AND CORRESPONDENCE 
THE CARNEGIE FOUNDATION 


To THE Eprror or Science: I am sorry to 
conclude, after a perusal of the last number 
of Science that has reached me (October 26, 
1906) that everything is not going just right 
everywhere just now. My grief is greatly 
softened, however, by the fact that the col- 
umns of that always instructive and some- 
times entertaining journal seem to be pretty 
‘wide-open’ to people who ‘object. I can 
hardly tell what a boon this will be to some 
of us whose activities are now mostly re- 
stricted to some form of mild and, I trust, 
inoffensive ‘ kicking.’ 

I have been waiting for some months for 
somebody to enter a protest against the phrase- 
ology of the published notices of the awards 
of pensions from the ‘Carnegie Foundation 
for the Advancement of Teaching.’ As the 
same ‘peculiar wording’ has been used in 
every such notice that I have seen, I infer that 
it must have been purposely selected and for- 
mally adopted by some one. ‘ The retirement 
of Professor is made possible’ (the 
italics are mine) by the action of the trus- 
tees of the Carnegie Fund, ete. 

When I first read this phrase in the an- 
nouncement of Dr. Harris’s retirement from 
the Bureau of Education I thought. it only an 
amusing oversight, a bit of ill-considered com- 
position, or a case of ‘ the types made us say’; 
but when I read it later of Professor Morley 
and again of Professor Dolbear (I think) I 
saw that some other than the printer’s devil 
was having a hand in it. For in my humble 
and far-away judgment the italicized words, 
as applied to the retirements named above, 
are about the most infelicitous that a diabol- 
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ical ingenuity could select. To one who 
doesn’t know the man or his work, or the big 
place he fills in the ‘educational heart’ of 
the great republic, the words clearly imply 
that the president, and everybody else, for that 
matter, have been wanting for years to retire 
Dr. Harris, but that it was impossible to get 
rid of him until the Carnegie fund came to the 
rescue. One must conclude that through the 
same beneficent charity Western Reserve Uni- 
versity is now relieved of Professor Morley, 
the most distinguished member of its faculty; 
and that Tufts breathes again, free from the 
incubus of Dolbear. I am not holding the 
trustees of the Carnegie fund responsible for 
these words nor am I questioning their sin- 
gular appropriateness in the majority of cases 
with which the trustees will have to deal, but 
to the inventor of the phrase, whoever he may 
be, I submit that there ought to be an alterna- 
tive, for use when the above seems to be not 
just the right thing to say—something that 
will not mislead the intelligent but unin- 
formed reader. 

About a quarter of a century ago it was 
my pleasure to sit through several sessions of 
the physical section of the British Associa- 
tion, presided over by Lord Kelvin. Follow- 
ing the usual English practise, he always said 
a few words after the presentation of each 
paper, conveying the thanks of the section 
to its author. The custom is often purely 
formal and generally the words have little 
real meaning, but it was delightful to see 
that the distinguished chairman, following his 
natural leaning towards ‘precision,’ had de- 
vised two expressions, quite similar in form 
but, to a reflective listener, very different in 
meaning, which he made use of as judgment 
dictated, in the discharge of this part of his 
duty as presiding officer. In one case he 
would say, “I am sure the section will join 
me in thanking Mr. for his most in- 
teresting and important communication on 
this subject,” while in another it would be, 
“T am sure the section will join me in thank- 
ing Mr. for his communication on this 
most interesting and important subject.” 

Can not the editor of the Carnegie pension 
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announcements evolve something like this ?— 
and then everybody will be happy. 
T. C. M. 
DRESDEN, 
November 12, 1906 


IS THERE DETERMINATE VARIATION ¢ 


Proressor Ke.ioae has presented some very 
interesting facts and arguments regarding the 
variation of Diabrotica soror, under the above 
title (Science, November 16, p. 621); but I 
venture to think that the dilemma has more 
horns than he has credited to it. 

He shows (Fig. 7) that the Sierra Morena 
collection contains a very large proportion of 
fused-spots specimens. This material is from 
a locality about three miles from Stanford 
University campus. Now why is it not pos- 
sible that a distinct Sierra Morena strain 
exists (perhaps the prevalent form of higher 
levels throughout the region), and that this 
has in recent years invaded the campus of 
Stanford University? If this is likely, or 
even possible, the whole matter may assume a 

different aspect. 

‘ Tf there exist different strains of D. soror, 
some free-spotted and some with a prevalence 
of fused spots, it is altogether likely that they 
differ in other characters, e. g., power of re- 
sistance to particular forms of disease. If, 
in certain parts of the world, people with light 
complexions have supplanted those with dark, 
we are not obliged to assume that complexion 
is in itself a common cause of survival, or 
else abandon the idea of selection. We know, 
on the contrary, that the familiar color-char- 
acteristics accompany many others, some of 
which, singly or in combination, may have a 
high selection-value. 
T. D. A. 

UNIVERSITY OF COLORADO, 

Bouper, Colo., 
November 18, 1906 


SPECIAL ARTICLES 
THE ADVANCING MALASPINA GLACIER" 
Tue Malaspina Glacier lies at the seaward 
base of Mount St. Elias in Alaska, where a 


* Published by permission of the director of the 
United States Geological Survey. I wish to ac- 
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number of large valley glaciers descend from 
the St. Elias Alps, and coalesce at the moun- 
tain base to form a great ice plateau some 
fifteen hundred square miles in area. The 
characteristics of this piedmont ice plateau, 
the Malaspina Glacier, have been made known 
to us mainly through the splendid work and 
descriptions of the late Professor Russell.’ 

One of the striking features of the Malas- 
pina Glacier, as described by Russell and 
others, was its smooth surface due to the 
general absence of crevassing. So well de- 
veloped was this characteristic that the glacier 
has served as a highway of travel for a num- 
ber of expeditions having for their object the 
ascent of Mount St. Elias. Twice Russell 
himself used the Malaspina for this purpose; 
Prince Luigi Amedeo, Duke of the Abruzzi, 
made use of the same highway on his suc- 
cessful ascent of St. Elias; and Mr. H. G. 
Bryant also traveled across the glacier toward 
Mount St. Elias. Each of these expeditions 
crossed the Malaspina Glacier on the side 
toward Yakutat Bay where my studies have 
been carried on. Other expeditions have 
crossed the glacier further west. In these 
expeditions it was found possible not only 
to move freely over the ice, but also to draw 
loaded sleds across it. 

A second characteristic feature of the Malas- 
pina Glacier is the presence of a moraine- 
veneered margin, developed by melting of the 
ice and concentration of the included rock 
fragments at the surface. In places, this 
veneer of moraine soil is so thick, and the ice 
under it so stagnant, that forests have de- 
veloped upon it. 

In the summer of 1905 I looked down upon 
the Malaspina Glacier from several high 
points in Yakutat Bay; and late in August 


knowledge in this work the assistance of Lawrence 
Martin and B. 8. Butler, in 1905, and of the 
latter, together with O. VonEngeln, J. L. Rich, 
and R. R. Powers, in 1906. A paper, with photo- 
graphs and map illustrating the changes described 
below, will appear in the forthcoming number of 
the Bulletin of the Geographical Society of Phila- 
delphia. 

* Nat. Geographic Mag., Vol. III., 1891, pp. 53— 


204: Thirteenth Annual Report U. 8. Geol. Sur- 
vey, 1891-2, Part IIL., 1893, pp. 1-91. 
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two of my associates, Lawrence Martin and B. 
S. Butler, made an expedition to the western 
margin of the Floral Hills, where they had a 
clear view, and took photographs of the east- 
ern margin of the Malaspina Glacier. At 
that time no unusual conditions were noticed. 

In the summer of 1906, I made a second 
expedition to Alaska, having for its object 
the crossing of the Malaspina Glacier from 
east to west. It was my purpose to follow 
Russell’s route as far as the Marvine Glacier, 
crossing it about where he did, then cross the 
route of Prince Luigi and Mr. Bryant, and 
proceed thence westward to the western mar- 
gin if possible, in the meantime making side 
trips up the tributary glaciers and to various 
parts of the margin of the Malaspina. 

This plan was most unexpectedly interfered 
with. The Marvine Glacier, which in 1890 
Professor Russell crossed with ease, carrying 
his entire mountain-climbing outfit, was 
transformed from a smooth ice surface to a 
labyrinth of crevasses, across which we found 
it totally impossible to carry supplies. Even 
the passage of the glacier unburdened would 
have been a task which no one short of expert 
Alpinists could attempt; and I doubt very 
much if even they could possibly cross the 
glacier from side to side. 

The evidence of our photographs of 1905, 
and of the views which we had from the 
neighboring mountains, clearly demonstrate 
that this remarkable change in the glacier has 
occurred since August, 1905. In 1906 we 
passed along the eastern margin of the Malas- 
pina Glacier from the point of emergence of 
the Marvine Glacier from its mountain valley 
west of Blossom Island down the Kwik Val- 
ley to the sea. Thence southwestward along 
the shores of Yakutat Bay to Point Manby we 
saw the ice front from a boat. During his 
retreat in 1891, Professor Russell traveled 
freely from Point Manby to the Kwik River 
along this seaward margin of the glacier. 
Now it is impassably crevassed throughout 
the entire distance. 

As we passed along the margin of the 
glacier, we found abundant evidence that the 
forward movement which has broken it is still 
in progress. The ice was even then being 
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broken into blocks; ice fragments were fall- 
ing from its face; moraine was tumbling down 
the front and into the crevasses; new streams 
were emerging from the moraine-covered 
front; and during the interval of a month 
which elapsed between our traverse up the 
glacier margin and our return, there were 
numerous changes in detail. 

In places where the moraine on the glacier 
was occupied by forest, the crevassing had 
greatly disturbed the tree growth. The trees, 
some of which must have been at least fifty 
years old, stood at all angles and were fre- 
quently seen to fall down the ice front and 
into the crevasses. That the ice movement 
was wholly of the present season was proved 
by the fact that all the overturned trees had 
developed leaves before the disturbance 
affected them. 

By this advance of the Marvine tributary 
to the Malaspina Glacier, the eastern portion 
of this piedmont glacier has been trans- 
formed to a sea of crevasses. The crevassed 
area starts with the width of the Marvine 
Glacier at its emergence from the mountain 
valley, but expands toward the sea into a bulb- 
shaped area-of crevasses which includes the 
entire portion of the Malaspina Glacier bor- 
dering upon Yakutat Bay. Thus the cre- 
vassed area cuts across the routes followed by 
Bryant and Prince Luigi, so that at the 
present time a journey to Mount St. Elias 
from their point of starting (the Osar River) 
is out of the question. 

We were unable to closely examine the 
tributaries of the Malaspina Glacier west of 
the Marvine; but from a distant view it is 
evident that no such disturbance as that 
caused by the advancing Marvine Glacier is 
present to the westward, as far as one could 
see. The Seward Glacier, next west of the 
Marvine, is, however, badly crevassed near the 
point of its emergencé from its mountain 
valley; and one of my party, Benno Alex- 
ander, who was with Prince Luigi, asserts that 
it is far more broken than in 1897. Whether 
this represents the beginning of an advance 
similar to that of the Marvine can not now be 
stated. 

The Hayden Glacier, which joins the Malas- 
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pina just east of the Marvine, shows no notable 
change from its condition in 1905; nor does 
the Lucia Glacier, which is the next glacier 
east of the Hayden, and which at the present 
time does not quite join the Malaspina. The 
glacier next east of the Lucia, however, has 
entirely changed its condition since we saw 
and crossed it in 1905. This glacier, the Atre- 
vida, was crossed by Professor Russell on his 
first expedition in 1890. In August, 1905, we 
made several trips to its margin and one out 
upon it, while Messrs. Martin and Butler 
crossed it from side to side on their way to 
the Floral Hills. Where we crossed the Atre- 
vida, in 1905, it was an undulating, moraine- 
veneered, apparently nearly stagnant glacier 
which could be crossed with great ease, and at 
all points, entirely without danger from crev- 
asses. It was our intention to enter upon 
the Malaspina Glacier along this route; but, 
to our astonishment, we found that in ten 
months, between August, 1905, and June, 
1906, the conditions had totally changed. We 
were unable to ascend even the margin in 
1906, and views from above the glacier, on 
both the east and west sides, prove it to be 
broken from side to side, and from far up its 
mountain valley down nearly to its terminus 
in the moraine-veneered, alder-covered, bulb- 
shaped expansion beyond the mountain front. 
In its lower portion the Atrevida coalesces 
with the Lucia Glacier and thus we have the 
anomaly of two glaciers side by side, one of 
which shows no change, while the other is 
absolutely different from its eondition only 
ten months before. 

There are a score or more notable glaciers 
in Yakutat Bay, all but two of which are 
essentially as they were in 1905. Of these 
two exceptions one lies in a small mountain 
valley immediately north of the Turner 
Glacier. In 1905, this small valley glacier 
was apparently stagnant at its end, which was 
approximately a quarter of a mile back from 
the coast. Ten months later, in June, 1906, 
this unnamed glacier, which we will call the 
Haenke Glacier, was found to have advanced 
well out into the fiord, and to have joined the 
ice cliff of the Turner Glacier. By this addi- 
tion the ice cliff of Turner Glacier is length- 
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ened fully a mile. The Haenke Glacier was 
also profoundly crevassed during its forward 
rush. There is a glacier similar to the 
Haenke in the valley next north of it, and 
less than a mile distant, which shows no 
change from its condition in 1905. 

The great Hubbard Glacier is the next in 
the fiord and it shows no change; but just 
east of it is a small glacier, which we named 
the Orange Glacier, in 1905, and over whose 
bulb-shaped terminus we walked freely, paying 
special attention to it because of an interest- 
ing series of concentric colored moraines which 
then covered it. We also walked up this 
glacier some five or six miles in a half day, 
and in that distance found no undue crevass- 
ing. In June, 1906, on the other hand, this 
glacier was crevassed from as far up the valley 
as we could see (about the point we reached in 
1905), well down into its bulb-shaped termi- 
nus, which was shoved up much higher than 
in the previous summer. Its surface is so 
broken that in 1906 we were not able to even 
approach the colored moraine area over which 
we walked so easily in 1905. In the place of 
this moraine covered area of 1905 was clear, 
crevassed and pinnacled ice. 

These facts prove that some of the glaciers 
of the Yakutat Bay region have been sub- 
jected to a paroxysmal thrust of great force. 
The thrust has been sufficient to break the 
glaciers not only in their mountain valleys, 
but also far down in their hitherto nearly 
stagnant bulb-shaped termini. In the case of 
the Marvine Glacier, the crevassing extends a 
distance of at least twelve or fifteen miles. 
Other glaciers, even those that are the nearest 
neighbors to the advancing tongues, have not 
yet been subjected to this forward thrust. 

This is not the place to fully discuss the 
cause of this striking and unique change in 
the glaciers. Suffice it to say, that in seeking 
for a cause, we have felt obliged to discard 
the operation of normal climatic variations. 
It happens that im 1899 this region was 
visited by a series of exceedingly severe earth- 
quake shocks during which the coast line in 
Yakutat Bay was greatly deformed, in one 
place being uplifted forty-seven feet. The 
hypothesis which we advance in explanation 
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of the changes briefly outlined above, is that 
during this, or possibly some previous earth- 
quake, vast quantities of snow and ice were 
shaken down from the mountains upon the 
gathering grounds of these glaciers, starting a 
wave of advance whose thrust is now being 
felt by some of the glaciers, the thrust being 
sufficiently powerful to crowd forward and 
break up even the nearly stagnant termini. 
The selective action of this process, by which 
some of the glaciers are caused to advance and 
others not, may be only apparent, for it is 
possible that the wave of advance has not yet 
affected glaciers which will ultimately begin 
to move forward. It is highly probable, how- 
ever, that in some instances the supply ground 
of the glaciers did not have conditions favor- 
able to the large accession of snow necessary 
to cause a rapid crowding forward. 

The future progress of this interesting phe- 
nomenon should be carefully watched. In 
order to discover and definitely prove its 
cause, we need to have a series of observa- 
tions extending through successive years to 
see what happens to those glaciers which have 
just advanced, and to determine whether other 
glaciers are influenced in the same way, and 
exactly how they are affected. There is no 
region of active glaciers known to me which 
promises to yield more important results than 
this, if carefully watched for the next few 
years. Rates S. Tarr 

CORNELL UNIVERSITY, 

Irnaca, N. Y. 


SCIENTIFIC NOTES AND NEWS 


Dr. Epwarp L. Nicuots, professor of phys- 
ics in Cornell University, has been elected 
president of the American Association for the 
Advancement of Science for the meeting to 
be held next year at Chicago. The New York 
meeting, held from December 27 to January 1, 
under the presidency of Dr. W. H. Welch, 
professor of pathology in the Johns Hopkins 
University, has had no equal in size and prob- 
ably no parallel in its service for the advance- 
ment and diffusion of science. The full re- 
port of the general secretary will be printed 
in the next issue of Science, and reports of 
the proceedings of the national scientific socie- 
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ties which met in affiliation with the associa- 
tion will follow. 

Tue council of the British Association has 
now appointed the presidents of sections for 
the meeting of the association to be held at 
Leicester next year. Of Section A (mathe- 
matical and physical science) the president 
will be Dr. Love, Sedleian professor of natural 
philosophy at Oxford; Section B (chemistry), 
Professor A. Smithells, professor of chemistry 
in the University of Leeds; Section © (geol- 
ogy), Dr. J. W. Gregory, professor of geology 
at Glasgow; Section D (zoology), Dr. W. E. 
Hoyle, keeper of the museum in the Victoria 
University, Manchester; Section FE (geog- 
raphy), Mr. George G. Chisholm; Section F 
(economic science and statistics), Professor 
W. J. Ashley, dean of the Faculty of Com- 
merce in Birmingham University; Section G 


(engineering), Professor Silvanus Thompson; 


Section H (anthropology), Mr. D. G. Ho- 
garth; Section I (physiology), Dr. A. D. 
Waller, director of the Physiological Labora- 
tory in London University; Section K 
(Botany) Dr. J. B. Farmer, professor of 
botany in the Royal College of Science; and 
Section L (educational science), Sir Philip 
Magnus. 

Proressor THomson, of Cambridge, M. 
Moissan, of Paris, Professor Golgi, of Pavia, 
and Professor Ramdn y Cajal, of Madrid, were 
present at Stockholm on December 10 to re- 
ceive the Nobel prizes awarded to them. 

Dr. Henry Rutcers of New 
York City, has been elected president of the 
American Psychological Association, and Dr. 
H. N. Gardiner, of Smith Dollege, has been 
elected president of the American Philo- 
sophical Association. 

Mr. F. H. Newewu, chief engineer of the 
Reclamation Service has been elected president 
of the Washington Society of Engineers. 


Grar von Zepretin, known for his work in 
aeronautics, has been given the honorary doc- 
torate of engineering by the School of Tech- 
nology at Dresden, 

Dr. Avotr Liepen, formerly professor of 
chemistry at Vienna, has celebrated his seven- 
tieth birthday. 
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Proressor E. Hersey has resigned 
the chair of theory and practise of education 
in Yale University owing to ill health. 


Tue special board for biology and geology 
at Cambridge University has adjudged the 
Walsingham medal for 1906 to W. E. Agar, 
for his essay on ‘ Researches into the Embry- 
ology of the Dipnoi,’ and to W. L. Balls, for 
his essay entitled ‘Studies of Egyptian Cotton.’ 


Proressor H. W. Fisk, formerly professor 
of mathematics at Fargo College, Fargo, N. 
D., Messrs. P. H. Dike, formerly of the U. S. 
Coast and Geodetic Survey, and E. H. Bowen, 
formerly instructor in physics in the Uni- 
versity of Maine, are at present engaged in 
magnetic work under the auspices of the de- 


partment of terrestrial magnetism of the Car-’ 


negie Institution of Washington. 


Dr. H. E. Annett, professor of comparative 
pathology in the University of Liverpool, has 
gone to St. Vincent in order to study certain 
diseases of animals for the government. 


Dr. AcLANp, having been appointed by the 
Royal Colleges of Physicians and Surgeons 
official visitor to the examinations of the Cairo 
Medical School, has left London for a few 


weeks in connection with the appointment. 


Dr. von Lecog, a scientific emissary of the 
Prussian government, has arrived safely at 
Srinagar, after making important excavations 
in Chinese Turkestan. 


Tue Friday evening meetings of the Royal 
Institution of Great Britain will be resumed 
on January 18, when Sir Andrew Noble, Bart., 
F.R.S., will give an address on ‘ Fifty Years 
of Explosives.’ On February 1 Sir Almroth 
E. Wright, M.D., F.R.S., will speak on ‘ The 
Methods of Combating the Bacteria of Dis- 
ease in the Interior of the Organism.’ 


Dr. Epwarp J. Nouan, recording secretary 
of the Academy of Natural Sciences of Phila- 
delphia, is engaged on a history of the Acad- 
emy from its foundation in 1812. He is de- 
sirous of having access to any correspondence 
or documents, apart from the official records 
of the society, which may relate to its work, 
especially during the first half century of its 
existence. If such papers be confided to Dr. 
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Nolan, they will be discreetly used and re- 
turned safely to the owners. 

Tue Women’s Medical Association of New 
York City will hold a memorial meeting at 
the Academy of Medicine on January 4, as a 
tribute to the memory of the late Dr. Mary 
Putnam Jacobi. There will be addresses by 
Dr. William Osler, Dr. Charles L. Dana, presi- 
dent of the Academy of Medicine; Professor 
Felix Adler, Mrs. Florence Kelley and others. 


Tue death is announced of Mr. John Ward, 
a British geologist, known for his valuable 
work on the carboniferous faunas. 


Dr. Ernst Prirzer, professor of botany at 
the University of Heidelberg, has died at the 
age of sixty-one years. 

Tue U. S. Civil Service Commission an- 
nounces an examination on January 16, 1907, 
to fill a vacancy in the position of forest plant- 
ing assistant, at $700 per annum, in the Forest 
Service of the Department of Agriculture, 


Tue College of Physicians of Philadelphia 
announces that the next award of the Alvar- 
enga prize, being the income for one year of 
the bequest of the late Senor Alvarenga, and 
amounting to about $180, will be made on 
July 14, 1907. 

Accorpine to foreign journals, a wealthy 
landed proprietor named M. Audrac, who died 
recently at Le Luc, near Draguignan, has left 
the Pasteur Institute the whole of his fortune, 
valued at the equivalent of $250,000 at least. 
Interviewed on the subject, Dr. Roux, the dis- 
tinguished director of the institute, stated 
that he had received a visit from a lawyer, 
who informed him that a will had been found 
bequeathing the whole of the property to the 
institute. The reserve, however, was made 
that another document might possibly eome 
to light making various bequests or otherwise 
disposing of part or whole of the property; 
consequently, Dr. Roux says that some time 
must elapse before the Pasteur Institute can 
know definitely how it stands with regard to 
the inheritance. 

Tue Magnetic Survey yacht Galilee, en- 
gaged in the magnetic survey of the Pacific 
Ocean under the auspices of the Carnegie 
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Institution of Washington, left San Diego, 
California, on December 22 on her third 
cruise, which will extend to the end of the 
year 1907 and will embrace about 25,000 to 
30,000 miles. It was found necessary to defer 
the proposed circumnavigation cruise and in- 
stead to pursue a course indicated by the fol- 
lowing ports of call: Nakuhiva (Marquesas 
Islands), Tahiti, Apia, Yap, Shanghai, Hong- 
kong, Yokohoma, Honolulu, Dutch Harbor 
(Aleutian Islands), Sitka and return to San 
Diego, from which port it is possible that 
another circuit situated between the Galapagos 
Islands and Marquesas Islands may be under- 
taken. The vessel, as during the past year, 
is again commanded by Mr. W. J. Peters, who 
is assisted by Messrs. J. C. Pearson and D. C. 
Sowers, magnetic observers, and Dr. George 
Peterson, surgeon and recorder. The sailing 
master, as during the past two cruises, is 
Captain J. T. Hayes. 


Tue Vienna Geographical Society has cele- 
brated the fiftieth anniversary of its founda- 
tion under the presidency of Archduke Rainer. 


THE preliminary program of the second In- 
ternational Congress on School Hygiene, of 
which King Edward is patron, has been issued. 
The session will be from August 5 to August 
10, 1907, at the University of London, South 
Kensington. The work of the congress will 
be divided into eleven sections, each presided 
over by an authority on the subject dealt with. 

WE learn from The British Medical Journal 
that news has come from the Sesse Islands, 
Victoria Nyanza, of Professor Koch’s expedi- 
tion for the study of sleeping sickness. The 
expedition is divided into two parts. One, 
under the direction of Professor Koch himself, 
is working at Kion, the other, under Professor 
Beck, at Boumangi. Natives are said to be 
coming to both stations from the remotest 
provinces, the average number attending be- 
ing some three hundred a day. Professor 
Koch, it is said, will publish nothing as to his 
method until he has had more definite results 
than have yet been obtained. The members 
of the expedition live in rooms destitute of 
the comforts of civilization, which serve as 
bedroom, dining room and laboratory. 
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WE learn from The Atheneum that Messrs. 
Heffer & Sons have purchased the mathemat- 
ical library of the late Professor Joly, of 
Dublin, and the botanical library of the late 
Professor Marshall Ward, of Cambridge, cata- 
logues of which are in preparation. 


Tue London Times states that the 52d an- 
nual dinner of the Society of Engineers took 
place on Wednesday night, December 12, at 
the Hotel Cecil. The president, Mr. Maurice 
Wilson, Assoc. M. Inst. C. E., was in the chair, 
and among those present were Sir Alexander 
Kennedy (president of the Institution of Civil 
Engineers), Dr. Glazebrook (president of the 
Institution of Electrical Engineers), Com- 
mander Caborne, ©. B., Colonel L. Blakeney 
Booth, Mr. Maurice Fitzmaurice, Mr. R. St. 
George Moore (the president elect), Mr. J. W. 
Wilson (vice-president), Professor S. H. Cox, 
Mr. D. D. Butler (honorary treasurer), and 
Mr. Perry F. Nursey (secretary). Sir Alex- 
ander Kennedy, in proposing ‘ The Society of 
Engineers,’ said that it was now the day of 
the engineers, and they had better make the 
best of it they could. Clearly the essential 
thing was that they should be as good engi- 
neers as they could, and one of the things 
which had helped them to be good engineers 
hitherto, and was helping them now, was their 
extraordinary tendency to form themselves 
into technical societies. One of the pioneers 
was certainly the Society of Engineers, which 
was third in age of the engineering societies, 
and which he hoped might live and flourish 
for many years to come. The president, in 
responding, said that their membership had 
increased during the past year, and their 
financial position was exceedingly sound, 
sounder, perhaps, than it had ever been. They 
had unfortunately lost their oldest honorary 
member, Sir Edward Reed, who was elected 
nearly thirty years ago and who was naval 
constructor about the time of the transition 
from wooden walls to armour-clad_ ships. 
Their ordinary meetings had shown an in- 
crease in their average attendance during the 
past year, and they had had read to them 
numerous interesting papers, not the least in- 
teresting of them being one by their inde- 
fatigable honorary secretary, who had con- 
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tributed his twenty-fourth paper to their 
transactions. Their members could be found 
all over the world, and included men of all 
nationalities. Mr. R. St. George Moore pro- 
posed the toast of ‘ Kindred Institutions,’ for 
which Dr. Glazebrook responded, and the toast 
of ‘Our Guests’ was submitted by Mr. J. W. 
Wilson and acknowledged by Mr. Maurice 
Fitzmaurice. 


In 1905 the total value of our mineral pro- 
duction was $1,623,877,127, as compared with 
$1,360,883,554 in 1904. As heretofore, iron 
and coal are the most important of our 
mineral products. The value of the iron in 
1905 was $382,450,000; the value of the coal, 
$476,756,963. The fuels increased from $584,- 
043,236 in 1904 to $602,477,217 in 1905, a gain 
of $18,433,981, or 3.16 per cent. Anthracite 
coal showed an increase in value of $2,904,- 
980 from $138,974,020 in 1904 to $141,879,000 
in 1905. The increase in value of the bitumi- 
nous coal output over 1904 was $29,480,962, a 
combined increase in value of coal of $32,- 
385,942 in 1905, or 7.3 per cent. The gain of 
$262,993,573 in the total value of mineral pro- 
duction is due to gains in both metallic and 
non-metallic products, the metallic products 
showing an increase from $501,099,950 in 1904 
to $702,453,108 in 1905, a gain of $201,353,158, 
and the non-metallic products showing an in- 
crease from $859,383,604 in 1904 to $921,- 
024,019 in 1905, a gain of $61,640,415. To 
these products should be added estimated un- 
specified products, including molybdenum, bis- 
muth, tungsten, and other mineral products, 
valued at $400,000, making the total mineral 
production for 1905 of $1,623,877,127. Be- 
sides the usual table and summary of quanti- 
ties and values of the country’s mineral out- 
put by products, the volume contains this 
year, for the first time, a summary, in tabu- 
lated form, of the value of the mineral 
products by States. These tables were com- 
piled by Mr. Wm. Taylor Thom. 


UNIVERSITY AND EDUCATIONAL NEWS 


New York Universiry has received a gift 
of about fifteen acres of land adjoining the 
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south line of its grounds and extending 
towards 180th Street. The value of the 
property is said to be between $200,000 and 
$300,000. 


Mr. AnpREW CarNEGIE has given to the Col- 
lege of Physicians of Philadelphia $100,000 
towards the erection of its new building, on 
condition that a like sum be subscribed, of 
which $80,000 has already been received. 


Tue department of archeology of the Uni- 
versity of Pennsylvania has received a gift 
of $40,000 from Mr. Eckley Brinton Coxe, Jr. 
The donor has specified that of the gift $8,600 
a year shall be paid for five years to the new 
curator of the department of Egyptology, 
Dr. D. Randall McIver, who is now in Egypt, 
where he has been instructed to begin excava- 
tions. . 


WE learn from Nature that Gonville and 
Caius College, Cambridge University, having 
decided to close their chemical laboratory at 
the end of the present academic year, a syndi- 
cate was appointed on November 8 to consider 
the assignment of a site for the extension of 
the chemical laboratory. The conclusion ar- 
rived at is that, of the sites available, the one 
site which is not liable to considarable objec- 
tion lies between the chemical laboratory and 
the new medical schools, with a frontage next 
Pembroke Street. 


Tue University of Turin celebrated on Oc- 
tober 27 the five hundredth anniversary of its 
foundation, this celebration having been post- 
poned for two years, owing to the disastrous 
fire. In honor of the occasion a history of 
the university has been published. 


Dre. A. Noyes, head of the de- 
partment of chemistry in the Bureau of 
Standards, and secretary and editor of the 
American Chemical Society, has been elected 
professor of chemistry in the University of 
Illinois. 

Tue council of King’s College, London, has 
appointed Mr. H. de Sadow Pittard, M.A., 
Ph.D., as assistant lecturer in mathematics, 
and Mr. A. W. Sikes, D.Se., M.D., F.R.C.S., 
as demonstrator in physiology. 


